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Jlexkuus Ne 1. BBognas
1 O0mue cBeeHUs1 U3 00JIACTH XPaHEHUS U MOCJIeyOOpPOYHOi 00padoTKe 3epHAa

1.1 Cooeprcanue u 3a0auu Kypca

3HaueHHE JUCHUIUIMHBI “DIeBaToOpbl, CKJIANbl, CYIIWIKK [Jis OydylIuX HH)KEHe-
POB—MEXaHUKOB, KOTOPBIE TOTOBATCS K padboTe B cepe odecreueHus AesITeIbHOCTH MPe-
MPUSATUNA TIO TIPUEMY, ITOCIIEYOOPOUHOM 00pabOTKE U XpaHEHUS 3€pHA, OMPEICISIETCS BaXK-
HOU POJIbI0, OTBOANUMON HHPPACTPYKTYPE CENBCKOXO35IUCTBEHHOTO TPOU3BOICTRA.

B nacrosiiiee BpeMsi yCTaHOBJIEHO, YTO TOJIBKO 3a CYET JUKBUIAIMU MOTEPh CElb-
CKOXO3SIMCTBEHHOUN MPOAYKIUUA OTKPHIBAETCS BOSMOXKHOCTD JIJIsl €€ IOMOJHUTEIBHOTO HC-
noJyib30BaHus B konudectse 15...20 %. Ilpu pemiennn 3anay odbecrieueHus: HaceJIEHUs Mpo-
JIOBOJIbCTBUEM B Ka4€CTBE MPUOPUTETHOTO HAMpPABICHUS ompeseseHa 6opb0da ¢ morepsiMu
MyTEM COBEPIICHCTBOBAHUS PA0OTHI XO3MCTBEHHBIX CTPYKTYpP, 00€CIEUMBAIOIINX TTPUEM,
XpaHEHUE U NepepadboTKy CENbCKOX03SIICTBEHHOTO ChIPhS.

3EpHO SIBISAETCS OJHUM W3 BAXHEUIINX MPOAYKTOB CENBCKOXO3SIMCTBEHHOTO MPOU3-
BOJICTBA. 3ajiaya OOpHOBI C €ro MOTEPsIMU HAa BCEM MYTU OT MPOU3BOJAUTENS K MOTPEOUTE-
JII0 BO3JIAraeTcsl Ha MPEANPUATHS OTPACIU XJIEOOMPOIYKTOB — 3JI€BATOPHI, CKIIAJbI, CY-
IIUJIKYA CO BCEM COMYTCTBYIOIIUM UM OCHAIIICHUEM.

JI7ist co3anusi AOCTATOYHO MOJIHOTO MPEACTABICHUS O CIeIMPUUECKUX YCIOBUSX, B
KOTOPBIX JIEUCTBYET TO WM MHOE 000pyI0BaHue, OyAylIUM MHKEHEpaM—MeXaHuKaM HeoO-
XOJIUMBI CBEACHUS, 0A3UPYIOIMIUECS HA 1IEJIOM PsiJie JUCIUILINH.

JucuunimHa “2neBaropsel, CKIAbl, CYIIUIKH  SBISETCS OPUTMHAIBHOM, OTIIMYAKO-
nieics oT OOIIETPUHSITHIX KYpCOB, U3y4aeMbIX MEXaHUKaMH, MHOTOTUIAHOBOCTBIO U B3au-
MOCBSI3aHHOCTBIO U3y4aeMbIX MPOOIIEM.

1.2 Kpamkasa ucmopusa xpanenus 3epna

Haubonee npeBHHE METONbl XpaHEHUsSI 3€pHA JOKYMEHTAJIbHO MOJTBEPKICHBI ap-
X€0JOTUYECKUMH pacKonkaMu. J[peBHUE TPEeKH JJisi 3TOr0 UCIOIb30BaIN OOJIBIINE TIIHHS -
HBIE€ COCYIbI, KOTOPBIE MOMEIIATN B MOJABAJIbl WIH MOA3EMHbIC rajepen. OHU Takxke uc-
MOJI30BAJIM CIELUAIBHO BBHIKOMIAHHBIE SIMBI JUISl XpaHEHHS 3epHa (IIOI3€MHOE XpAaHEHUE).
MokHO ¢ OOJIBIION CTENEHBIO BEPOSTHOCTU MPEANOJIOKUTh, YTO XPAHEHUE MPOJIOBOILCT-
BEHHOT'0 3€pHa COMPOBOXKIATIOCH OOJBIIUMH TPYAHOCTAMH U HOTEPSIMH MPOAYKIIUH.

Ha 6onee no3aHem stane Jijisi yIOBIETBOPEHUSI MECTHBIX MOTPEOHOCTEN CTPOUIIUCH
HaJ[3eMHbIE XpaHWINIIa (KyKypy3HbIe caneTku). BonbIIMHCTBO U3 3TUX pe3epByapoOB UMeE-
JIY IPSIMOYTOJIbHYIO (POPMY, OHU 3arpy>KaJluCh U OMOPOKHSIIUCH CBEPXY.

B cpennue Beka ¢ pa3zBUTHEM XOPOLIO CINIAHUPOBAHHOUW CUCTEMBI CEIBCKOIO XO35IM-
CTBa 3€pHO XpaHWIM HA ITIMHOOMTHOM TOKY WJIM B 3€pHOBBIX Ckiaaax. HamonbHoe XpaHe-
HHE WCIOJb30BANIM B nocienyromue 150 e, OHO SBUIIOCH MPEABECTHUKOM COBPEMEHHBIX
METOAOB XpaHEHHUs. 3epHOBBIC CKIanabl B XIX Beke ObLIM YaCTUYHO MEXAHU3UPOBAHBI C
BHEJ[PEHUEM CUCTEMbI 3arpy304HbIX TPYyO, a 3aTeM yCOBEPIICHCTBOBaHbI (Hampumep, ca-
MOpPa3rpyX arolirecs CUiaockl). /[0 Hauana HBIHEIIHETO CTOJETUSI OIPAHUYECHUS IO CTPOU-
TEJbCTBY U U30BITOK JICIIEBON paboyell CHIIbI MPEMSITCTBOBAIN PA3BUTHIO 3TUX OCHOBHBIX
METOAOB XxpaHeHHs. OJHAKO MO0 MEpe COBEPUICHCTBOBAHUS TPAHCIIOPTHBIX CPEICTB MECT-
HbIE 3aIachl MEPeMeNIalnuch B peruoHaIbHbIe, 00Jee S3KOHOMUYHbIE XpaHwiuina. CHadana
3€pHO UCIOJIb30BaJIOCh TOJIBKO JJIsI HEMOCPEACTBEHHOIO MOTPeOIeHNUs, INIaBHBIM 00pa3oM
B Bujie xJjieba. [To Mepe MmoBbIIEHUS] YPOBHS )KM3HU MOSBUINCH HOBBIE HAINPABICHUS UC-



MoJIb30BaHus 3epHa. [Ipon3BOACTBO 3epHA U TOPTOBIS UM UHTCHCUDUITUPYIOTCSL.

Crapyto cuctemMy CTPOUTENHCTBA 3€PHOBBIX CUIIOCOB U3 €CTECTBEHHOTO KaMHS WUIIU
KUpIMYa MOXXHO paccMarpuBaTh Kak MPEIIIECTBEHHUK COBPEMEHHOTO CTPOUTENHCTBA
aneBaTopoB. B cTpaHax, rje MMeloch JOCTATOYHO JAPEBECHUHBI, 3JIE€BATOPHI CTPOUIUCH U3
JIEpeBa, U OHU COCTOSUIM U3 OTIEIbHBIX OyHKEepOB. TOIbKO MpUMEHEHHE Kelie300€TOHA B
Hayasie XX BeKa CJejaalo BO3MOXKHBIM BO3BEJIEHHE OOJNBIINX KOMIUIEKCOB. BhHauane
CTPOUTEIIA CTAJIKUBAIUCH C MHOKECTBOM CJIOKHBIX CTPOUTENBHBIX MPOOJIEM, OJJHAKO pa3-
paboTKka METO/Ia CKOJb3AIEH ONalyOKyd Mpou3Besia PEBOJIONUIO0 B CTPOUTEILCTBE 3JIeBa-
TOpOB. BO3MOXXHOCTH 3TOTO HOBOBBEICHHS B CTPOUTEIBHYIO TEXHOJIOTHIO MOJHOCTHIO CO-
OTBETCTBOBAJIM MOTPEOHOCTSIM JIAaHHOTO MEPHUOJA, K TOMY K€ M TEXHOJOTUSI KOHCTPYHUPO-
BaHUsI OOOPYIOBAHMS U MAIIMH OBICTPO U3MEHSIIACH.

NMmnopT u skcnopT 3epHa MOTpeOOBaIM B JOMOJHEHHE K XPAaHWIIUIAM COOTBETCT-
BYIOLIET0 000pya0BaHUs sl 00pabOTKU U TPaHCHIOPTUPOBKU. [lepBoHAUaNbHO MPOU3BO-
nutenbHOCTh 50—80 T/4 cuMTanach B CpaBHEHHHU C 00pa0OTKOM BPYUYHYIO OYEHB BBICOKOA.
DKOHOMHUYECKHUE COTVAIICHUSI MKy MHOTUMU CTPAHAMH B T€UEHUE MOCIETHUX JCCITH-
JETUW U PacHpOCTPAHEHUE HOBBIX MOJUTUYECKUX U T'YMAHUTAPHBIX NPUHIIUIIOB MOBBICU-
JI1 YyBCTBO OTBETCTBEHHOCTH 3a MOCTABKY MPOJAOBOJIBCTBUSI HACETIEHUIO BCErO MUpa. ITO
MO>XHO YBHUJETh, HAl[pUMEP, B OTHOLICHUH MPUHUMAEMBIX MEp MO 3€pHY U JPYTUM IPO-
JYKTaM C 1IeJIbI0 CBEJICHUS TOTeph K MUHUMYMY. [Ipon3BOACTBO 1 OTOOP CEMEHHOIO 3€pHa
TaKXe pa3BUBAIMCHh B COOTBETCTBUU C SKOHOMUUYECKUMH MPUHIUIIAMH JOCTUXKEHUS OoJiee
BBICOKMX YpOXKaeB C TeX ke miomaned. MeToasl aHaiv3a MOYBBI, CIIOCOOBI BHECEHUS
yA0OpEHU 1 UHTEHCUBHOE MCIOJIb30BAHUE CEJIbCKOXO3SIMCTBEHHBIX MAIllMH BHECTU BaXK-
HBII BKJIaJ B 3Ty 3BOJIOIMI0. HOBBIE MeTOABI YOOPKHU MOTpeOOBaIU YAEIsATh OOJIbIIE BHU-
MaHHMsI IPOLIECCY CYIIKU 3€pHAa.

Opnako nunieBasi IPOMBIIUIEHHOCTh BO MHOTHX CTpaHax OCTaBaJlach 3aBUCHUMOM OT
MMIIOpPTa BCIEACTBUE MOCTOSSHHOTO YBEIMYEHHSI MECTHOIO CIPOCa. 3€PHO IKCIOPTUPOBA-
JIX HE TOJIBKO M3 KyKypy3Horo nosca CIIA, HO Takke U3 TpaAuLIHOHHBIX MECT €r0 XpaHe-
HUs, Takux kak bankanckue ctpansl U CeBepHas Adpuka. [loznHee mHTeHCHpUKaALUs
MIPOLECCOB CENBCKOX035UCTBEHHOTO npon3BoacTsa B CIIA, Kanane, ABctpanuu u HoBou
3enaHaAuM MO3BOJIAJIA 3TUM CTpaHaM CTaThb HanbOojee BaXKHBIMHU MOCTABIIMKAMHU 3€pHA B
MHUpE.

B nocneayomniem pa3BUTHE MUPOBOTO PhIHKA 3€pHA, MEXKKOHTHHEHTAJIbHOTO HM-
MOpTa U SKCIOPTA, COBEPIICHCTBOBAHUE TPAHCIIOPTHBIX CPEJICTB U pa3pabOTKa HOBBIX 3(-
(heKTUBHBIX METO/IOB OOPaOOTKHU U XpaHEHHUs OKa3aJluCh ropa3ao 0ojee BaKHBIMU IIaraMu
BIIEpE/l, YEM BCE€ HOBOBBEJCHHUS MPEIbIAYIINX CTOJETUM BMEcCTE B3sThbie. MupoBas Top-
TOBJISI 3€PHOM M3BJIEKaJia BBITOJYy OT MCIOJIb30BaHUS BCE 00Jiee KPYIHBIX CYIOB. YCOBEp-
IIEHCTBOBAHHBIE METOABI TPAHCIIOPTUPOBKHU HE TOJBKO MO3BOJIMIIA MEPEBO3UTH 3€PHO, HO
TaKkKe MPEeJOCTABUIN BO3MOXKHOCTh IIAHUPOBATh 3aKYIKH B COOTBETCTBUU CO CIPOCOM
noTpeduTenei.

DTO BBI3BAJIO MOTPEOHOCTh B JOCTATOYHO OOJBIINX, COBPEMEHHBIX Cpe/CTBaX 00-
pabotku 3epHa. TakuM oOpa3zoM, JJIsl BBITPY3KU 3€pHA U JIPYTrUX ChINYYHUX MPOAYKTOB U3
COBPEMEHHBIX TMTAHTCKUX CYIOB HEOOXOAUMO 00OpYIOBaHHE BBHICOKON MPOU3BOAMUTENb-
HOCTHU. BhITyCcKalOTCsi HOpUH, JICHTOUHBIE U CKPEOKOBBIE KOHBEWEPHI, BECOBOE 000pYy/10Ba-
HHUE U TOMY MOA00HOE, TOATOMY Mpou3BoaAuTebHOCTE 1000—1500 T/4 yxe He sBaseTcs
HCKJIIOUCHHEM.

1.3 Xapakmepucmuka xjie60npuemuslx npeonpuamuil

DreBaTopHasi MPOMBIIUICHHOCTh MPU3BaHa 00ecneunTh OecriepeOoiHYI0 MPUEMKY,
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MocaeyooOpoUHy0 00paboTKy, pallMOHAIBHOE pa3MEIIeHWE U XpaHEHUE 3€pHa, IMOCTY-
MAKOLIEro B rOCYIapCTBEHHBIE PECYPCHI, a TAK)KE XpaHEHUE U NepepadOTKy 3€pHa Ha OC-
HOBE JIOTOBOPOB C BIAJENbI[aMU M YACTHBIMHU MPOU3BOAUTENSIMU. [[1s1 pa3Melienus npu-
HATOT'O 3€pHAa OPTraHU30BaHA CETh 3€PHOXPAHIIIMII KaK B MECTaX MPOU3BOJICTBA 3€pHA, TAK
U B MECTax ero norpedyuenus. HeooxoaumocTh 3epHOXpaHUIIUI U 3HAYUTEIbHbBIE Pa3MEPbI
UX BMECTUMOCTH OOYCJIOBIIEHBI C€30HHOCTBIO MOCTYIUICHHUS 3€pHA U PABHOMEPHBIM pac-
XOJIOM €T0 B T€UEHHE Bcero roja. B menom mo cTpaHe 3€pHO 3aroTaBiIMBaIOT B TEUCHUE
2...3 MecslieB, a MOTPEOJIAIOT Ha MPOTIKEHUU BCETO rojia, T.€. 3epHOXPAHUIIUIIA OCYIIECT-
BJISIFOT €AUHBIN TOCYIapCTBEHHBIN XJ1I€00000POT U 0T BO3MOKHOCTH CBOOOJHO MaHEB-
pUpOBaTh XJIEOHBIMU 3allaCaMH.

Ha sneBaTOopHYI0 MPOMBIIIIIEHHOCTh BO3JI0KEHBI CIIEIYIONINE OCHOBHBIE 00sS3aHHO-
CTH:

® MPUHUMATHh 3€PHO B 3aBUCUMOCTH OT palOHA BbIpaniuBaHusa B TeueHue 15...30

JTHEH;

e 00pabarbIBaTh 3€pHO (OYUIIATh, CYIIWTh, BEHTWJIMPOBATH U Jp.); HA MOCIey0o-

pouHyto 00paboTKy 3epHa npuxoautcs Oonee 30% Bcex TPYIOBBIX 3aTpar MpH BO3-

JIEIbIBAHUU 3€PHOBBIX;

® JJIUTEIBHO XPAHUTH 3€PHO (B 3aBUCMMOCTH OT KaUu€CTBa U €r0 Ha3HAUYCHMUS);

® [PUHHUMATh OT CEMEHOBOJYECKHX XO35IUCTB COPTOBOE CEMEHHOE 3€pPHO, CEMEHa

TpaB, TMOPUAHBIE M COPTOBBIE CEMEHA KYKYpy3bl, oOpabaThiBaThb WX, XPaHUTH,

CHa0XaTb UM OTPEOUTEIIS;

® TPAHCIIOPTUPOBATH 3€PHO B PallOHBI MOTPEOICHUS U IKCIIOPTA;

e o0OecreyuBaTh 3€pPHOM HEOOXOIMMOTO KauecTBa MepepadaThiBAIONINE MPEIPH-

ATHs (MYKOMOJIbHBIC, KPYIISIHBIE U JIP.);

® XPaHUTh FOCYJIAPCTBEHHBIC 3aIachl HA Cly4ail HeypoXKasi, CTHXUHUHBIX O€JICTBUI U

Ap.

3epHOXpaHWINIIIAMU PACIIONaraloT HE TOJbKO XJIeOOMpUEeMHBIE, HO U 3epHONepepa-
OarbiBatonye npeanpusitus. OHU MOTYT BKJIIOYaTh B CBOM COCTaB 3JI€BATOPHI, 3€PHOBBIC
CKJIaJIbl, METAJITTMYECKHUE CUIIOCHI.

[IpoekTupoBaHKe U CTPOUTEIHCTBO XJIEOONMPUEMHBIX MPEANPUATHI OCYIIIECTBISAIOT-
CsS HAa OCHOBAaHMM TEXHUKO—AKOHOMHUYECKUX 0OocHOBaHui. Ha BbhIOOp pailioHa U TOYKH
PaCIONIOKEHUST XJIE€OOMPUEMHOTO MPEANPUITUS OKa3bIBAIOT BIUSHUE MHOTO (PAKTOPOB:
00bEeMBI U PACCTOSIHUE JOCTAaBKU 3€pHA, HAJTMYUE aBTOMOOUJIbHBIX, KEJIE€3HOIOPOKHBIX U
BOJHBIX IMyTEW, HAJIMYKME HACEJICHHBIX MMYHKTOB, UCTOYHUKU SHEPrOCHAOXKEHHS U BOJIO-
CHaOKEHHUS U JIp.

JlelicTByromiasi ceTb XJIEOOMPUEMHBIX MPEANPUSTUNA SIBISETCS JOBOJBHO pPa3BETB-
JIEHHOM W BKJIIOYAET KEJIE3HOAOPOKHbIE CTAHIIUU, MIPUCTAHU, TOPOAA, PAlOHHBIE LIEHTPbI
U JIpyTHE HACEJICHHBIE MYHKThl. XapaKTEePUCTUKY XJICOOMPUEMHBIX NPEANPUITUHN, UX Pa3-
BUTHE W SKOHOMHUYECKYIO OLIEHKY ONPENEISAIOT C YYETOM BBIMNOIHAEMBIX (YHKIUH, Teo-
rpauyecKoro pacinoIOKEeHUs, XapakTepa paboThl U JIp.

B cucteme xj1e00npolyKTOB UMEIOTCS CIIEIYIOIINE MPEIITPUSITHS:

1) aneBaTopbl — 3TO MPEANPUATUS JUIsl XpaHEHUsI U 00pabOTKU 3epHa, HA KOTOPBIX

OCHOBHBIMU MTPOU3BOJICTBEHHBIMU O0OBEKTAMU SIBJIAIOTCSI 36PHOBBIE 3JIEBATOPHI;

2) xae0onpueMHbIe MPEANPUATHSI, HA KOTOPBIX BCSI UM OCHOBHAS YaCTh BMECTHUMO-

CTU COCTOUT U3 3€PHOBBIX CKJIAJIOB;

3) peanu3anMoHHbIe 0a3bl — NPEANPUITUS IJIsI CHAOXKEHUS MYKOW M KpyIou Onu3-

JIeXKAITUX IMOTpeOuTEeH (B NX COCTAaB BXOMAT CKIIAJIbI);



4) KyKypy3000pabaTbIiBatONINe 3aBOMbI ISl MOATOTOBKUA THOPUAHBIX U COPTOBBIX

CEeMSIH KyKypY3bl;

5) MyKOMOJIbHBIE 3aBOJIbI — IPEANPUSITHS JJIsI TPOU3BOICTBA MYKH;

6) KpYIISIHbIE 3aBOJIbl — IPEATNPUSITHUS JJIs1 TPOU3BOICTBA KPYIIbI;

7) KOMOMKOPMOBBIE 3aBOJIBI — MPEANPUITUS, MPEAHAZHAUYCHHbIE JI MPOU3BOJICTBA

KOMOMKOPMOB U OEJIKOBO—BUTAMHHHBIX J100ABOK (HAa MYKOMOJBHBIX, KPYISIHBIX U

KOMOHMKOPMOBBIX 3aBO/IaX OCHOBHBIMU MPOU3BOACTBEHHBIMH OOBEKTAMHU SIBIISIOTCS

AJeBaToOp, NepepadaThIBAIONIIMM 1I€X U CKJIaJ TOTOBOU MPOTYKIINH);

8) koMOMHATHI XJIEOONPOIYKTOB (HanOOJIee KPYMHbIE U3 BHIIICNIEPECUUCICHHBIX TPO-

M3BOJICTBEHHBIX 0OBEKTOB; MOTYT BKJIIOYATh B CBOM COCTaB AJIEBATOPHI U 3€PHOBBIC

CKJIaJIbl, MyKOMOJIbHbIEC, KOMOMKOPMOBBIE WJIM KPYISHbIE 3aBOJIbI, CKJIaJbl TOTOBOM

MPOTYKIIUH).

B 3aBucMMoOCTH OT pacmoJIOKEHHsI XJIEOONMPUEMHBIX MNPEANPUATHI (3J1€BATOPOB)
OHHM MOTYT ObITh JIMHEUHBIMU (HA JIMHUIX JKEJE3HBIX JOPOT), MPUCTAHCKUMU (HA PEUHBIX
MPUCTAHSX ), TTTYOUHHBIMHU (PACIIOI0KEHHBIMU BAAIH OT KEJIE3HBIX JOPOT U MPUCTAHEH).

[lo xapaktepy paboThl XJIeOOMPUEMHbIE MPEANPUITHUS (JIEBATOPHI) MOKHO pase-
JUTH CIEAYIOIUM 00pa3oMm:

— 3arOTOBUTEINIbHBIC, OCHOBHOE HAa3HAUEHHE KOTOPBIX MPOU3BOJUTH MPUEMKY 3€pHA OT XO-
3STUCTB—IIPOU3BOUTENEH, OPMHUPOBATH OJJHOPOAHBIE MAPTUH, 00padaThIBaTh, XPaHUTh U
OTrpY>KaTh MO HA3HAYEHUIO;

— TMepeBaJIOYHbIC, OCHOBHOE HA3HAYEHUE KOTOPBIX MPOU3BOAUTH MPUEMKY U TNEPEBAIKY
3epHAa C OHOTO BHJIa TPAHCTIOPTA HA APYToM (C BOABI HA JKEJIE3HYIO TIOPOTY WU HA00OPOT,
C JKEJIe3HOM OPOrH Y3KOW KOJIEM Ha KeJIe3HYIO Jopory oObiuHON koneu). Ha stux npen-
MPUSATUAX 36PHO 00PadATHIBAIOT U XPAHSIT;

— Oa3ucHble, OCHOBHOE HA3HAUYEHHE KOTOPBIX — XPaHEHHE KPYIHbIX MapTuil 3epHa. Ha
ATUX TPEANPUSITUAX, IOMUMO MPUEMKU U OTIPY3KH, OCYHIECTBISIOT OUUCTKY U CYUIKY
3epHa. basucHble npeanpusTUs B psAlie CIy4acB BBIMOJIHSIIOT (PYHKIUUA 3arOTOBUTEIBHBIX
npeAnpUsITHil (3J1eBaTOPOB);

— MOPTOBBIE, OCHOBHOE Ha3HAYEHUE KOTOPHIX — MPUEMKA C KEJIE3HOAOPOKHOTO TPaHCIIOP-
Ta KPYMHBIX MApTUH 3€pHA U OTIpy3Ka ero Ha Mopckue cyga. O0padoTka OCylIECTBISIETCS
B OCHOBHOM J10 HEOOXOAMMOM KOHIUIINH;

— (OHAOBBIE, OCHOBHOE HAa3HAUYECHHE KOTOPBIX — JIJIUTEIbHOE XpaHEHHUE (HECKOJIbKO JIET)
CTpaTernyeCcKuX 3armacoB 3epHa Ha cliy4ail BOWHBI WM CTUXUHHBIX O€ACTBUI;

— MPOU3BOJCTBEHHbIE, OCHOBHOE HA3HAYEHUE KOTOPBIX — MPUEMKa 3epHa, 00paboTKa ero
710 KOHJIUIINH, TPeOyeMOM IJIsl TepepabOTKHU M XpaHEHUs ONPEAEICHHBIX ONEPATUBHBIX 3a-
MacoB 3€pHa;

— xJieOHbIe 0a3bl, OCHOBHOE Ha3HAYEHHE KOTOPBIX — MpHUEMKa 3epHa, 00paboTka W HJIH-
TEJILHOE €ro XpaHEeHHe.

bazucHble, niepeBasiounble U (POHIOBBIC 3IEBATOPHI OTHOCST K AJieBaTOpaM BTOPOIO
3B€HA MO OTHOILICHHUIO K 3arOTOBUTENBHBIM 3JeBaTopaM. OHM MUMEIOT MEHbIINE EMKOCTb
CHUJIOCHBIX KOPITYCOB U IPy30000pOT.

K aneBatopam TpeTbero 3B€Ha OTHOCSIT MPOU3BOJICTBEHHBIE U MOPTOBBIE 3JIEBATOPHI,
MMEIONIUE el€ MEHBIIYI0 EMKOCTh CHJIOCHBIX KOPITYCOB M IPy30000pOT MO CPABHEHHUIO C
AlieBaTOpaMu BTOPOTO 3BEHA.

K cnenuanbHbIM THUIIAM 3JIEBATOPOB OTHOCST 3JI€BATOPHI ISl XpaHEHUS KYKYpY3bl,
0000BBIX, STUMEHS, CEMEHHOTO 3€pHA.

OCHOBHO TOTPEOUTENH 3¢pHA — MYKOMOJIBbHO—KPYIISTHAS TTPOMBIIIIJIEHHOCTh U KOM-
OMKOpPMOBasi IPOMBILIJIEHHOCTh, KOTOPasi mnmepepadaThiBa€T B MYKY, Kpyly U KOMOUKOpMa
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6omnee 80% Bcero ToBapHOro 3epHa. B KauecTBe ChIPhs 3€pHO UCIONB3YIOT TAKKE B Kpax-
MaJIbHO—TIaTOYHOM, CIUPTOBOM, MUBOBAPEHHOM U APYTUX OTPACHsAX MPOMBIIUIEHHOCTH,
IJIe B KaU€CTBE OCHOBHBIX MPOU3BOACTBEHHBIX COOPYXKEHUN MUMEIOTCS 3€pHOXPAHUIIUIIA,
OCHAIIIEHHbIE HEOOXOJUMBIM TEXHOJIOTMYECKUM U TPAHCIIOPTHBIM 000PY/I0BAaHHUEM.

CrnenyeT OTMETHUTh, YTO BbIIIEHA3BAHHbBIE XJIEOOMPUEMHBIE MPEANPUITHS C YIETOM
OTMEUEHHBIX KJIACCU(PUKAIMOHHBIX MPU3HAKOB B OTIEIBHBIX CIy4asiX BBIMOJIHSIIOT TEXHO-
JIOTUYECKHE U TPAHCHOPTHBIE ONEpalliy, OTIUYHBIE OT PaccMaTpUBaeMOro XJieOompueM-
HOT'O MPEANPUATHS (JIeBaTOPA).

1.4 3a0auu xpanenus 3epna u 3epHO6bIX NPOOYKMOB

OcHOBHbBIE 3aJ]a4¥ XpPAHECHUS 3epHa U MPOAYKTOB €Tr0 MepepaboTKU CIIEIYIONIUE: CO-
XpaHUTh 3€pHO 0€3 MOTeph B MACCE UM C MUHUMAJIbHBIMU MOTEPSIMHU; COXPAHUTH 3€PHO
0e3 yXy/AllIeHUs] Ka4yeCTBa, MOBBICUTh KAU€CTBO 3€PHOBBIX MPOAYKTOB; COKPATUTh 3aTPAThI
TpyAda U CPEACTB HA €IWHUILY MAacChl 3€pHA MPU HAWIYYIIEM COXPAHEHUU €ro KOJIMYECTBA
Y KaueCTBa.

3epHO MpeACTaBIsAeT cO00Ml )KUBYIO OMOJIOTMYECKYIO0 CUCTEMY, B KOTOPOI MpOTeKa-
10T pa3HOOOpa3Hble OMOXUMUUYECKUE MPOLECCHl; UX MHTEHCUBHOCThH 3aBUCUT OT YCJIOBUU
XpaHEHUS.

IIpupona moTepp KOIMYECTBA U KAYECTBA 3€PHOBBIX MPOAYKTOB MPHU XPAHEHHUH XO-
pomio uzyudena. [Ipod. JI.A. Tpucsarckuii nmpeaioxun KiaccupuKkaiuio morepp, o KoTo-
POil UX IeNsAT Ha OUONOTUYECKUE U MEXaHUUYECKHUE:

buosoruveckue morepu:

1. JIprxanue.

2. IIpopacrtanue 3epHa.

3. Pa3BuTHE MHUKpPOOPTaHU3MOB.

4. Pa3zBuTHE HACEKOMBIX U KJICILIEH.

5. CamocorpeBaHue.

6. YHUUYTOXKEHHE TPHI3yHAMH.

7. YHUUYTOXKEHHUE NTULIAMMU.
MexaHuuyecKkue MoTepu:

8. TpaBMBHI.

9. Pacnbu.

10.ITpoceinm.

Ha 3epHO U nmpoayKThl ero nepepaboTKu OTPULIATEIBHO BO3AEHCTBYIOT MUKPOOpPTra-
HU3MBI, HaXOJAIIHECA HA MTOBEPXHOCTHU 3€PEH U CEMSAH U HA JPYTUX TBEPABIX KOMIIOHEH-
Tax 3€pHOBOM MaccChl, a TaKK€ Pa3HOOOpA3HbIE BPEIUTENN XJEOHBIX 3aracoB. AKTUBHOE
MX pa3BUTHE B 3€PHOBOM MAacCe€ COIMPOBOXKAACTCS YMEHBLIICHHEM KOJMYECTBA U yXyJLIe-
HHEM ero kauecTBa. CHMXKAETCS TaKK€ TMTMEHNYECKOE COCTOSHUE 3€PHA, TaK KaK NPOIyK-
ThI KU3HEJIEITEIIbHOCTH HEKOTOPBIX U3 HUX 00JIaJIal0T TOKCUUYECKUM BO3JIEHCTBUEM HA Op-
raHu3M 4eJOBEeKa W KMBOTHBIX. Bce 3To ompenenser HEOOXOAMMOCTD 3alllMThl XJIEOHBIX
3amacoB OT AKTHMBHOI'O BO3JEHCTBHUS MHUKPOOPTraHU3MOB U Bpeautesen. JIump HEeKoTopbie
MOTEpHU HEU30EXKHBI, HAIPUMEP PACXO/ CYXOro BEIIECTBA MPH JAbIXaHUM 3€pHA BO BpeMsi
XPAaHEHHS U HEYUYTEHHBIN PAaCIbLI BCIEACTBUE BBIJICIICHUS U3 3€PHOBOM MAacChl OpraHuye-
ckuXx BemecTB. OTHAKO 3TH MOTEPU NPU PALIMOHAIBHOW OpPraHU3alui XpPaHECHUS HE3HAYU-
TEJIbHBI U1 MOTYT OBbITh KOJINYECTBEHHO OMPE/IeSIEHbl HA OCHOBE HOPM €CTECTBEHHOU YObI-
.

[IpyunHaMu moTeph MpPU HEMPABUIBHOM XPAaHEHUM 3€pHA MOTYT ObITh MPOCHIIH,
YHUYTOXKEHHUE €r0 IPhI3yHaMU, ITUIIAMU, MUKPOOPraHU3MaMU, a TaKKe CaMOCOrpEeBaHuUE U

7



IIpopacTaHue.

[ToTepu, KOTOpBIE SABISIIOTCS CIEACTBUEM YXYAIICHUS KaueCTBa XPaHAIIUXCS XJe0o-
MPOIYKTOB, IPUBOJAT U K KOJTUYECTBEHHBIM MOTEpsM. Tak, B pe3ynbrare CHUKEHUS BCXO-
KECTU CEMSH TMPHU XpaHEHUU yBEIMYMBAETCS HOpMa BbiceBa. [loTeps 3epHOM MpU3HAKOB
CBEXeCTH (ILIBET, 3alax, BKYC) yXyIIIaeT Ka4yeCTBO BbIpabaThIBa€MbIX U3 HETO MPOAYKTOB.
B HekoTOphIX ciydasix 3epHO CTAHOBUTCS )K€ HEMPUTOIHBIM K HCIOIB30BAHUIO HA TH-
IIEBbIC 1ETTH.

B MupoBOM XO03sICTBE BCE €I1l€ BEJIMKU KOJUYECTBEHHBIE MOTEPU 3€PHOBBIX MPO-
IyKTOB Tipu XpaHenuu. Exxeronno 8...10% coOpaHHOrO ypokas HE JOXOAUT A0 MOTpPEOu-
TEJIs.



Jleknusa Ne 2
2 CBoiicTBA CHINYYHUX MATEPHUAJIOB NIPH B3AUMOACHCTBUM ¢ XPAHUJINIIAMHU U pado-
YMMH OPraHaMu MAIUH

K cpimyunm marepuanam OTHOCST 3€pHO U MPOAYKTHI €ro epepaboTKu, CeMeHa, He-
KOTOPbIE€ KOMIIOHEHTHI, UCMIOJb3yeMbl€ MPHU MPOU3BOJCTBE KOMOMKOPMOB W B MHUIIEBOMN
MPOMBIIIJIEHHOCTH (COJb, caxap, Myka U T. A.). OHM 00JamaroT psiioM crneruduuecKux
cBoMcTB. OCOOEHHOCTH MOBEACHUS CHIMyYEro Marepuaia, Korjaa B 3aMKHYTOM 00BbEME Co-
Cpe0TOYEHa JOCTATOYHO OOJbIIasi €ro Macca, B 00s13aTE€ILHOM MOPSJIKE JTOJKHBI YUUTHI-
BaThCs MPU MPOCKTUPOBAHUM, CTPOUTENIHCTBE U IKCIUTyaTallMM COOPYKEHHM 3epHOoIepepa-
OaTbIBAIONIUX MPEANPUATUN U CO3aHUU MAIIUH JJI1 UX OCHalleHus. J[Jis CTyIeHTOB cIie-
nuanbHocTH 17. 06 coracHo y4yeOHOro IJlaHa YUTAEeTCs CIEelUalibHas TUCHMILIMHA, T0-
CBAIIEHHAS CBOWMCTBAM 3€pHA U MPOAYKTOB €ro mepepaboTKu. 31eCh K€ Mbl pACCMOTPUM
HEKOTOpBIE CBOMCTBA C TOYKH 3PEHMS UX BIMSHUSA HA MPOIECCHl B 3JIEBATOPHO — CKIIAJ-
CKOM XO3SIMCTBE.

2.1 @u3zuueckue ceoiicmea 3epHOBbIX MACC

3epHOBBIC, CEMEHA MACIUYHBIX KYJIbTYp, MPOAYKThl OYUCTKH UMEIOT OINPEICIICHHBIC
(du3nYecKre U MEXaHUYECKUE CBOMCTBA, U UX MOBEJECHUE KaK ChIy4eil MacChl 3aBUCUT OT
CBOOOJIbI HCTEUEHUS, pa3Mepa U GOPMBbI HACTHII, TUIOTHOCTH, yIJIa €CTECTBEHHOTO OTKOCA,
BHYTPEHHETO U BHEIIHETO TPEHHUs, CIEIUISIEMOCTH, BIAXXHOCTH, DJICKTPUUYECKOTO 3apsjia u
TOMY MOAOOHOE.

ITo 3axoHaM (pu3MKH, B OOBIYHBIX YCIOBUSIX JIFOOOE BEIIECTBO CYIIECTBYET B OIpe-
JICJICHHOM COCTOSIHMM, HampuMep B ra3zoo0pa3HOM, >KMAKOM uiu TBepaoMm. JKuakoe u
TBEPJI0€ COCTOSIHUS BEILIECTBA OTIAUYAIOTCS CIEAYIOIIHNM:

1. Ctatuueckoe AaBlIEHUE KUIKOCTHIO MEpeIaeTcsi OJUHAKOBO BO BCEX HaIlpaBiie-

HusX (3akoH [lackans) B OTiIM4ue OT TBEPJOTO BEIIECTBA, I/i€ AaBJICHUE MepeacTCs

TOJIbKO B OJJHOM HaIlpaBJICHUH.

2. B otnuuue OT *KUJIKOCTH TBEPJOE BEIIECTBO OKA3bIBAET 3HAUUTENIBLHO OOJIbIIEe

CONPOTHUBIICHUE MONEPEYHON CHUIIE CKOJIbKEHUS.

3. Ilpu BBIrpy3KE€ HA TOPU3OHTAJIBHYIO MMOBEPXHOCTH Chlllyyasi Macca 00pa3yeT Ko-

HYC C YIJIOM €CTECTBEHHOIro OTKoca. KUJAKOCTb, BbUINTASA HAa TOPU3OHTAIBHYIO TO-

BEPXHOCTh, 00pa3yeT JIyXky C YIJIOM €CTECTBEHHOTO OTKOCA, PAaBHBIM HYJIIO.

4. TBEpmoe BelecTBO MPU CHKATUU COXPAHSIET CBOIO (POPMY C CHITY CUEIICHUS.

Takum 00pa3oM, OCHOBHBIE XapaKTEPUCTUKU MACChl TPaHYIUPOBAHHOIO MPOAYKTA
MPEACTABISAIOT COOOM COUeTaHHe XapaKTEPUCTUK KUJKOCTH U TBEPIOrO Teia, T.€. Macca
00J1a/1aeT CBOMCTBOM “‘TIOTY>KUIKOCTH .

DakTUYECKU TPaHYJIUPOBAHHbIC MPOAYKTHI YIPYTH U 00JaJar0T MIACTUYECKOU Jie-
dbopmanueir. OHM, MOAOOHO XKUIKOCTH, TpUOOpeTaroT (GOpMYy €MKOCTH, B KOTOPOMl Xpa-
Hatcs. Ho B To e BpeMsi rpaHyIupOBaHHbIE MPOIYKTHI — TBEP/bIE BEIIECTBA, TAK KaK 00-
Pa3yloT yrojl €CTECTBEHHOIO OTKOCA MPU BBICHIIIAHUY MPOJIYKTa HA TOPU3OHTAIBHYIO POB-
HYIO TJIOCKOCTh. BennunHa MX MPOYHOCTH CLEIUICHMS pacrojaraeTcs MexIy o0naaaro-
IIUM CUEIUIIEMOCTBIO Ha MOJIEKYJIIPHOM YPOBHE TBEPJIBIM TEJIOM U KUJKOCTHIO, KOTOpas
XapaKTEPU3YEeTCsl MEHBIIEH CUEIIIEMOCTBIO.

[Ipu uccnenoBaHuu PU3NKO — MEXAHUUYECKUX CBOMCTB I'PAHYIUPOBAHHBIX CHITYUYHX
MaTepuaIoB UX MPEIACTABIAIOT KaK KOMIUIEKC OYEHb OOJIBIIOrO YHCJIa MEJIKUX TBEPABIX
YacTUll, KOTOPbIE€ MOTYT MEPEMELIATHCA OTHOCUTENIBHO JPYT Apyra U TakKuM o0pa3zom 00-
Pa30BBIBATH CHIITYYYIO MACCY.



Xapakrep ucredyeHusi. laeanbHblil rpaHyIMPOBAaHHBIA CHITYYUHA TMPOAYKT COCTOUT H3
KPYIJIBIX MJIM MHOTOYTOJIbHBIX, B3AUMHO HE CBSI3aHHBIX YAaCTHIl, KOTOPBIE MEPEeMENIatoTCs
MOJT ICCTBUEM CHUJIBI TSKECTHU. DTOT MPOIECC HA3BIBAIOT XapaKTePOM HUCTEUEHUS MPOIYK-
Ta.

Haubonee nokazaTeibHBIM METOIOM WILTIOCTPAIIMU 3TOTO IPABUTAIIMOHHOTO TTOTOKA
SBJISIETCSL UCTIOJIB30BAHUE MPO3PAUYHOro OYHKEpa, B KOTOPBIM 3aChINalOT pa3iMuHble OKpa-
HIEHHBIE TOPU3OHTAJIBHBIEC CIIOM OJJMHAKOBOIO MPOIYKTA.

Ha pucynke 1 mokazaHo miar 3a Iarom JBUXKEHHUE Pa3IMYHBIX CJIOEB MPOAYKTA MO-
CJI€ OTKPBITUSI pa3rpy304HOTO KJiarnaHa OyHKepa ¢ LIEHTPAIbHBIM BBIITYCKHBIM OTBEPCTHEM.
Ecau 3TOT ombIT MOBTOPUTH C APYTMMHU CHITYYMMHU MaTepHalaMu, TO CTAHET SICHO, 4TO
CBOMCTBA MPOAYKTA BIUSIOT HA XapaKTep UCTCUCHUS.

[TpoayKThI ¢ OTIIMYHON CHIMYYECThIO XapaKTEPU3YIOTCS KaK JIETKOCHITYYUe, U K HUM
OTHOCSITCSI KJIACCUYECKHUE BUIbI 3€pHA — MIIECHUIIA, KYKYypy3a, CEMEHA COU U SYMEHb.

Colllyyne MpOAYKTHI ¢ MEHEe OJarompusiTHBIM XapaKTEPOM HCTEUYCHHUS! Ha3bIBAIOT
TPYAHOCBHIITYYHUMH; K HUM OTHOCSITCSI TaKH€, KaK TallhuoKa, COEBbIN MIPOT, KOIIpa U pa3iny-
HbIE TPAHYJIMPOBAHHBIC CHITYYUE TPOTYKTHI.

VY nponykToB, 00J1aJal0MINX XOPOUIEH ChIMTYYECThIO, CHIIBI TSKECTHU BXOMSIIUX B UX
COCTaB KOMITIOHEHTOB HE3HAYUTEIbHBI, TO3TOMY CBHIMTYyYYIO0 MACCy MOXHO JIETKO OOYX1aTh
K MCTEUECHUIO MO JCHUCTBUEM CHUJIbI TSXKECTH, JaXe €Clii OHa ObLla MOJBEpPrHyTa YIUIOT-
HeHuto. [Ipy UCTeUeHUN Takue MaTepualibl pa3ieNiloTCAd Ha OTAENIbHbIE YacTUllbl. B 00-
mieM, MPOAYKThI, OOJaJalolIle XOPOIIEH ChIMy4yeCThlO0, MPEACTABISIIOT Malio MpoOJeM,

v | ! CBA3aHHBIX C BBIOOPOM M

MPOEKTUPOBAHUEM  Pa3rpy-
304YHOM CUCTEMBI. Y TPYIHO-
CBHIIIYYUX MPOAYKTOB CHIIBI
CUCIJICHUS MEXAYy 4YacTH-
aMH JI0CTaTOYHO BBICOKU U
MPETMSTCTBYIOT CBOOOTHOMY
HCTEUYEHUIO; MPU HCTCUCHUU
Takux MPOAYKTOB o0Opa3y-
FOTCSI KOMKH. DTO CONPOTHUB-
JICHWE WCTCUCHHUI0 MOXKET
MPUBECTH K MHOTI'OYUCIICH-
HBIM MOpoOiemMaM, Hampumep
npobireMe 3arpy3ku, 3aKy-
MOPKU CaMOTEKOB, CBOI00Opa3oBaHus. ClienoBaTelbHO, CBOMCTBA UCTEUEHUS! MPOAYKTOB
OMPENEISIOT TUI CUCTEMBI TPAHCIIOPTUPOBKHU U €€ KOMIIOHEHTOB.

Pa3zmep u ¢opma yactuu. Vcreuenue cpllyyero marepuana TakKe 3aBUCUT OT BTOPHY-
HOM MOJBH>KHOCTH OTJEIBHBIX YaCTUI] B IPOLIECCE UX MEPEMEILICHHUS.

Ouenb BaxkHbI OopMa U pa3Mep OTACNIBbHBIX YAaCTHUI] U UX BHYTpEHHee TpeHue. M3-3a
CBOOOJTHOTO MPOCTPAHCTBA BOKPYT YACTUI] TPABUIbHOU POPMBI (CKBaKHOCTH) X YKJIaJIKa
HE MOXET OBITh TAaKOM, YTOOBI MEXAY HUMHU 00pa30BajiaChb MEXaHUYECKasl CBSI3b, U, CIEN0-
BaTEJIbHO, HE MOXKET OBITh MPENATCTBUIN CBOOOJHOMY JIBUKEHHUIO KAKON—IMOO YaCTHUIIBI IO
OTHOLIEHUIO K COCEIHMM. A MEXAy 4YacTUUAMHU HENpaBWIbHOW (OPMBI WIH CMECHIO
OONBIINX W MAaJEHBKHX YacTHUI] (MbUIb) MOXKET OBITh CIEIUIEHHE, KOTOPOE OKa3bIBAECT
BIIMSIHUE Ha XapaKTep UCTCUCHUS (PUCYHOK 2).

/-/'

Pucynok 1 Xapakrep ucredeHus Chllydyero npoayKkra
n3 OyHKepa WM CHIoca
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Pa3mep wactuil chimydero marepuana, COCTOS-
IIEro M3 YacTHI] OJJHOTO pa3Mepa U MpPaBUIbHOU
(OopMBI, JIErKO YCTAaHOBHUTH, B3SIB 32 OCHOBY Ca-
MBI OOJIBIIION JTUHEHHBIN pa3Mep. Hepenko gac-
THUIIBI, COCTABISIONINE OCHOBHYIO MAacCCy ChIMY-
: i Yero MpoAyKTa, OTINYaoTCs Mo pa3mepy u ¢Gop-
; ; Me. DOTO 3HAUUTENIbHO 3aTPyAHSET MOJyYeHUe

; . OJTHOM BEJIMYMHBI, KOTOpas Obl OMHUCHIBaja pas-

) + 0) Mep yacTuibl. s YacTull HENpaBWILHOU (op-

a - KOHTaKT MEeK/y YaCTUIIaMH OJIMHAKOBOTO ~ MbI JIJIMHA, TOJIIMHA U AUAMETP UMEIOT HEeOompe-
PasMEDa B OTJICTIBHLIX TOTHAX, nen€HHoe 3HadueHue. YUToObl MpeACTaBUThH pas-

0 - KOHTAKT MEX]ly KPYITHBIMHU YaCTULIAMHU
Pa3ITMYHOTO pa3mepa Mep YacTHUIIbl HEMPaBUIbHOU (POPMBI OJTHUM TIO-

PucyHok 2 SIBnenue cBogooOpasopa- — Kasarejem, HanboOJee 4acTo MCIONB3YIOT “Cpe-

HHUS B CBIITYYEM 3€PHOBOM MPOAYKTE€  HuM paszmep’. OIHAKO OMNBIT MOKa3ajl, 4TO Yac-
THILBI PA3JIMYHBIX MPOJYKTOB, HMEIOIINX OAWHAKOBBIN “CpeIHUN pa3Mep’’, MOTYT MpPOsB-
JSATh pa3IuYHbIe XapaKTEPUCTUKH MpU o0paboTKe U TpaHcnopTupoBanuu. Haubonee mpo-
CTOU U B TO k€ BpeMs 3(PPEeKTUBHBIN METO/ KiIacCU(DUKALUKA YACTHI] TIO pa3Mepy SIBISETCS
METOJ, MEXaHUYECKOTO MPOCEUBAHUSL.

B o6mem ciyyae, chillyuyre MPOAYKThI, HE COAEpPKAIME YaCTHUI] Pa3MEPOM MEHEe
0,25 MM, MOTYT pacCcMaTpUBATHCS KAK HECBSI3aHHBIE, JIETKOCHIYYHE MPOMYKTHI. HacTUIbI
npoayKTa 0osiee KPYMHOro pasmepa 0€3 4acTHUIl MEHBIIIETO pa3Mepa, JEHCTBYIOIIUX B Ka-
YECTBE CBAZYIOIINX KOMIIOHEHTOB, UMEIOT TEHICHIIUIO BECTU Ce0sl MACCUBHO U HE CO3/1aI0T
MPENATCTBUM. [[pyrumMu coBaMu, XapakKTEpUCTUKU UCTEUEHHS CHITY4YEro npoaykra B OC-
HOBHOM OIIPEJICIISIIOTCS COAEPKAHUEM B HEM MEJIKHUX YACTHII.
IlioTHOCTL M 00BEMHAS IUVIOTHOCTB. [IJIOTHOCTH TpaHYIMPOBAHHOIO MPOAYKTA MpE.-
CTaBJsieT COOOM MIIOTHOCTh, OMPE/ICTCHHYIO 0€3 yueTa BIUSHUS JIF0OOT0 CHKATUS MPOIYK-
Ta. DTO MOJIOXKEHUE UMEET MECTO, HAIPUMEpP, NPHU IUIOTHOW YKJIAJKE I'PaHYIUPOBAHHOTO
MpOAYKTa B HEOOIbIIOM KOHTeWHepe. OUeBUIHO, UTO OOBEMHAs MIOTHOCTh 3aBUCHUT OT
COCTOSIHMSI MaTepuasa, T.€. INIOTHOCTU YacTUll, (OpPMbl YACTHUIl U OT YKJIAJKH WU PaCIo-
JIO’KEHUS YaCTULl OTHOCUTEIBHO ApYT Apyra. Co BpeMeHEM B pe3ynbTaTe MepeOpUeHTALUN
WU OCEIaHMsl BO3AYX BBIXOJIUT U3 ChIIyuyeid MacChl, yMEHbIIAETCS 00bEM, 3aHUMAEMbIN
JAHHOM MaccoM, M yBeJIMYUBaeTCs 00beMHasi IJIOTHOCTh. E€ BennunHa MOXET ObITh Ha
20% Oombiiie, yeM OObIYHAS JIOTHOCTh. Bec eaumHuipl 00bEMa 3epHa B CIIOKOWHOM CO-
CTOSIHUU HA3bIBAIOT “‘HATYpOM  3E€pHA.
st onpenenenus 0ObeMHOM TUIOTHOCTH U3BECTHOE KOJIMYECTBO MPOAYKTa OCTO-

PO’KHO HACBIAIOT B MEPHBIM LWJIMHAP U U3MEPSIOT Maccy. Ecin mocTy4aTe OCHOBaHHEM
uunuHapa 12 pas, To MOXKHO MOTYYUTh OOBEMHYIO MacCy OCEBIIEH ChIITy4ei Macchl MyTeM
JieNieHus1 Macchl 00pa3la Ha HOBBIM 00bEeM. YBEIWUYEHHE IUIOTHOCTH YKIIAJIKHU MPOAYKTA
OOBIYHO CHUXAET CIOCOOHOCTh MPOAYKTAa K HMcTeueHUI0. [Ipyu mpoeKTupoBaHUU CHIIOCOB
HEOOXOAMMO YUYUTHIBATH 3Ty MOBBIIIEHHYI0 OOBEMHYIO MJIOTHOCTD; “‘CpeAHSs IJIOTHOCTh
MpeACTaBiIsieT cO00M BEIUYMHY MEXAY MAKCUMAJIbHOW TUIOTHOCTHIO B HUKHEM CIIO€ U
MHHUMAJIbHOM TNTIOTHOCTBIO B BEPXHEM.
YroJ1 ecTeCTBEHHOI0 0TKOCA, ChINy4ecThb. [Ipu ucTeueHnn rpanyIMpOBaHHOTO NPOAYKTa
4yepe3 HeOOJbIIOE OTBEPCTHE HA POBHYIO TOPU30HTAIBHYIO TOBEPXHOCTH OH OyJEeT HaKaIl-
JIMBATHCS B BUJIE KOHYCA. YTOI MEXIY TOPU30HTAJIbIO U 00pa3yIolleld 3TOro KOHyca Ha3bl-
BaIOT YIJIOM €CTECTBEHHOTO OTKOCA o (pUCYHOK 3). Kaxkaplil mpoayKT UMEET CBOI yroi ec-
TECTBEHHOTO OTKOCA, HampuMep mineHuna —25°., oBec — 27°, Kkykypy3a — 27°, s4MEHb —
28°.

11



3arefib CHOCOOHOCTH MPONYKTa K UCTEUEHHUIO; OObIU-
HO, YEM OH MEHBIIIE, TEM JIETUYE UCTEYEHUE MPOMYKTA.
Heo6xoquMo yuuThIBaTh, UYTO, XOTSA YTOJI €CTECTBEH-
o h HOT'O OTKOCa HE SIBJISETCS OCHOBHBIM CBOMCTBOM ChbI-
My4ero MpoyKTa C TOUYKHU 3PEHUSI €r0 CIIOCOOHOCTH K
HCTEUCHUIO, OH CIIYKUT XapaKTEPUCTUKON MPOAYKTa,
HCIOJb3yeMON MpPU MPOCKTUPOBAHUU CUCTEMBI Xpa-

D HEHHS 1 TPAHCIIOPTUPOBAHHUS B HAKJIOHHBIX JKeJo0ax
Pucynok 3 Cxema okenepumenTans- A caMOTEKaX. MOXKXHO MCTIIOIB30BaTh CICAYIOIINE BE-

HOT'O OIIPE/IeNICHUs YIJia €CTECTBEH-
JINYUHBI yIJ1a €CTECTBEHHOIO0 OTKOCA:
HOT'O OTKOCA CBIIy4ero npoayKTa

Y VYroi eCTeCTBEHHOI0 OTKOCA — MOJIE3HBIN TTOKa-

OYEHb CHIYYUIN TPOAYKT 25 -30°;
CBHIITY4YUH MPOAYKT 30 - 38°;
JOCTATOYHO CHIMYYU TPOAYyKT 38 — 45°;
CBA3aHHBIN WM TPYAHOCHITYYNN 45 —55°;
OYEHb CBSI3aHHBIN MPOAYKT Oonee 55°.

3acopE€HHOCTH 3€pHA CHUIKAET €ro chilydecTh. CaMOTE€UHbIE TPYObl YCTaHABIMBAIOT
MO/ YIJIOM HE MeHee 45°.

IIpakTrKa MOKa3bIBAET, UTO NPU 3AMOJHEHUU CHJIOCA HA YTOJ €CTECTBEHHOTO OTKO-
ca, o0pa3yloluiicsi Ha MOBEPXHOCTH 3€pHA, TAKXKE BIMSIOT BHICOTA MAJCHUS MaTepuana,
CKOPOCTb 3aIlOJHEHUSI U MPOU3BOAUTENBHOCTD 3AMOJHEHHS. YTOJI €CTECTBEHHOIO OTKOCa
OMPEJEICHHOTO MPOAYKTa NPUOIUZUTENIHHO PAaBEH MUHHUMAJIbHOMY VYINIYy BHYTPEHHETO
TPEHHUS 3TOTO MPOAYKTA.

Tpenue npoaykra (BHyTpeHHee M BHellHee). Pa3nuuaror JBa BHAA TPEHUA, a

MMEHHO: «BHEIIIHEE TPEHUE», KOTOPOE MPE/ICTABISIET COOOM TpEeHHUE 3epHa O CTEHBI CUJIO-
ca, U «BHYTPEHHEE TPEHUE» — TPEHUE 3€PEH APYT O Apyra.
Ha pucynke 4 nokaszan nuiauHap 0e3 J1HA, 3al0JHEHHBIN TPaHyIUPOBAHHBIM MPOIYKTOM,
KOTOPBIN CKOJIB3UT MO MIIOCKOCTH Ab. Eciin S — ropusonTanbHas cuna, 1 N — BepTUKaIIb-
Has CuJja, BbI3bIBaEMas CUJION TSKECTH MPOJIYKTa U IPy30M, TO KOID(PUIIMEHT TpeHUS | =
S/N. IlonepeuHoe ycuine, WIM YCUIIUE CKOJbXKEHUSI MEXKIY IpaHyIUPOBAHHBIM MPOAYK-
TOM U IUIOCKOCTBIO, IIPEACTABIISIET COMPOTUBIECHUE TPEHUS 10 CTEHE HA €IMHUIY ITOBEPX-
HOCTH TPAHYJIMPOBAHHOIO MPOAYKTA. JTOT MOKA3aTEIb HA3bIBAIOT YIJIOM TPEHUS O CTEHY
L.

VYros 1 O4€Hb BaXKEH, TAK KaK OH OINPEAEIISIET
THUI UCTEUYECHUS MPOAYKTA U3 CHJIOCA IPU BBIMYCKE.
VYron TpeHust 3aBUCUT OT (U3UYECKUX CBOMCTB MPO-
IyKTa ¥ CTEIEHU LIePOXOBATOCTH CTeH. B Tabmumax
: g | ¥ 2 nanpl 3HaYeHMs dTHX Kod(QdunueHToB. Ecmn
—p IJIOCKOCTh Ab 3aMEHUTH TaKUM K€ IPaHyJIUpPOBAH-

HBIM IIPOJYKTOM, KOTOPBIM HAaXOAUTCS B LIWJIMHAPE,

MBI MOYKEM ONPENECIUTH BHYTPEHHEE TPEHUE 3E€PEH.
A i D70 KO3p(HIMCHT BHYTPeHHETO TpeHus. B tabi. 3
MPUBEJEHBI BEIUYUHBI YIJIa BHYTPEHHErO TPEHUS
JUISL Pa3JIMYHBIX KYIBTYD.

[IponykTel, oOnagarolive TIIJIOXOM ChIMy4e-
CThIO, UMEIOT 00Jiee BBICOKHI KOA(PPULIMEHT BHYT-
PEHHETO TPEHUS, YEM MNPOAYKTHI C XOPOILIEH CHIMY-

Pucynok 4 Cxema onpeneneHus Ko-
3¢ purmenHTa BHEIIHETO TPEHUS Chl-
IIy4ero MpoyKra
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YCCThBIO.

Tab6auma 1
TpomyKT Yron Tpe?ml 0 CTEHY cujoca, Irpaj. _
MUHHMAaJIbHBIN MaKCUMaJIbHbBIN
[Tmenunna 20 25
Kykypy3a 17 22,5
SlumeHb 18 24,5
Puc 21,5 31
Tabmauna 2
Marepwuai cTen Yron Tpenus, rpajg
OKUCIEHHBIN (pKaBblid) TUCTOBON METaJI 38
beton 25
I'magkuii 1MCTOBOM MeTaJlI 15
Marepuan, HOKPBITBIN SMOKCUAHON CMOJION 12
Hepkaseromas cranb 8
Tabnuua 3
Mponykr VYron BHvapeHHero TpEHUs, Tpajl. _
MUHHMAaJIbHBIN MaKCUMaJIbHbIN
[Tmenunna 24 26
Kykypy3a 26 29
SumeHb 25 29
Puc 24 26

BiaxHOCTh M THTPOCKONMUYHOCTB. YacTUIIBI TUTPOCKOMMYHBIX MPOYKTOB JIFOOYIO
BJary OyayT Moriomarhb /10 TeX Mop, MOKa HE HACTYMUT OMPEICIEHHOE COCTOSIHUE, IPU KO-
TOpPOM JlaJIbHEHIIIee MOIVIONIEHHE HEBO3MOXKHO. Bnara B 3TOi (popMe HE crmocOOCTBYET
CUEIJISIEMOCTH YacTHUIl. Y HETUTPOCKOMMYHBIX MPOJYKTOB Jit00asi Biara OyAeT HaXOJUThCS
Ha MOBEPXHOCTU YACTHII, YTO MOKET BBI3BaTh UX CIEIJIEHUE (CBOOOAHAS WU MOBEPXHO-
CTHas BJlara). bONBIIMHCTBO 3€PHOBBIX POIYKTOB 00J1a/1al0T BTOPHIM CBOMCTBOM.

PaznuyarorT yeThipe COCTOSHUSI 3€pHA MO BIAXKHOCTU — CYyXO€, CPEJHEeU CYXOCTH,
BJIQXKHOE U ChIpoe. B mepBbIX NIByX COCTOSIHUSIX MOYTH HET cBOOOAHOU Biaru. [loatomy
€ro MOKHO XPaHUTh JUIUTEIbHOE BpeMsi. B ChIpOM 3epHE aKTUBU3UPYETCS MPOIIECC AblXa-
HUS, YTO MPUBOJUT K CAMOCOTPEBAHUIO 3€pHA JAaXKE TPU HEMPOJOJKUTEIHHOM XPAHEHUHU.

Ecnu nmapuuansHoe naBieHue BOASHOTO Mapa B BO3AYyXE PAaBHO JABICHUIO HAM 3€p-
HOM, TO HACTyIaeT AMHAMUYECKOE paBHOBeCHE. BiIaKHOCTh B 3TOM COCTOSIHUM HA3bIBAET-
Csi pPaBHOBECHOW. BenuumHa paBHOBECHOU BIIAXKHOCTH 3aBUCUT OT TEMIIEPATypbl aTMO-
cepHOTO BO3MYyXa U €r0 OTHOCUTEIBbHOU BiaxkHOCTHU. IIpu 60...70% BIaXHOCTH U TeMIIe-
parype 20°C paBHOBECHAsI BIaXHOCTb 3€pHA 3J1aKOBbIX KynbTyp 13...15%, a npu BnaxHo-
ctu 90...100% BnaxxHocth 3epHa MoxkeT nocturarth 30...35%. IIpu nmoBbllIeHNU TeMmmepa-
TYpbI BO3/lyXa OTHOCUTEJIbHAS U PAaBHOBECHAS BIAXKHOCTH CHUKAIOTCS.

BennunHa paBHOBECHOW BIAXXHOCTHU 3aBUCUT OT XMMHUYECKOIO COCTaBa 3epHa. Y
CEeMSIH MaCJIMYHbBIX KYJIbTYP PABHOBECHAs BIIAXKHOCTh MOYTH B 2 pasza HUXKE, YEM Y 3€pHO-
BbIX, TaK KaK KUp — HE THIPOGUILHOE BEIIECTBO.

JileKTpUYecKuil 3apsa. B pe3ynprare NHEBMATHYECKOM WM MEXaHUYECKOU
TPAHCIIOPTUPOBKH BO3MOXKHO HAKOIUJICHHE HA YacTHUIAX JJIEKTPUYECKOro 3apsiaa. OmbIT
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MoKasaJj, 4TO TaKOM 3apsii MOXKET PE3KO MU3MEHUTh XapaKTep MCTEUEHHs MPOJyKTa, o0ia-
JAIOIIETO XOpolIeH ChimydecThio. Kpome Toro, aJleKTpOCTaTUYECKHE pa3psiabl MOTYT
SBUTHCSA MPUYUHON B3PHIBOB.

o 0,15 _ TenmyionpoBOAHOCTb. Y 3€pHAa HU3KUU
E T et k03 duimeHt TermonpoBoaHoctu. C
& 0 =T o ] ] MOBBIIIEHUEM BIAKHOCTU 3€pHA BO3-
§' 0,13 ',:’ sl __‘"‘5;';113:.3_3:'-« _ pacTaet u ero Temonpooanocts. Ten-
E‘ 012 - A ] ﬂ""’-.-f-"‘l- JIOTIPOBOTHOCTH 3€PHOBOM Macchl B 3...5
o U, <}~ 1 Ppa3s MeHblIE, YEM 3EPHOBKM H3-3a Ha-
é. 0,11 \:‘ JWYWS BO3AYIIHBIX MPOMEXYTKOB. On-
E o1 { HaAKO JUIg TpoIecca CYIIKH IJIaBHOE
3 d 3HAYCHHUE UMEET UMEHHO TEILIONPOBO/I-

10 12 14 16 18 20 22 24 26 28 30 HoCTh OTHEIBLHOIO 3€pHA, TO €CTh CKO-
BnaxHocTk ®, % pOCTh mepeaavyd TEIUIOTBI OT €ro IIo-
Pucynok 5 3aBucuMocTh kK03 (HIMEHTa TEIonpo- BEPXHOCTU BHYTPh. Bosayx B mporecce
BOJIHOCTH 3€pHA OT TEMIEPATYphl U BIAXKHOCTU: — ( CYIIKH SIBJIIETCS HE TEILUIOU30JISATOPOM,
°C;———-20°C; —30°C;—--40°C; —--—60 °C a temionocuteneM. ['papuk n3meHeHus
k03¢ (PUIMEeHTa TETUIONPOBOIHOCTH /JIS MIIEHUII B 3aBUCUMOCTH OT BIAXHOCTU U TEM-
Meparypsl 3€pHA MOKA3aH HA PUCYHKE S.
TemmoémkocTb. C yBETUUEHUEM BJIAXHOCTHU 3€pHA €ro TEIUNIOEMKOCThH Bo3pacrtaeT. Ecin
JNOMYCTUTh, YTO BCSI BJIara HaXOAUTCS B HECBSI3aHHOM COCTOSIHUU, TO TEINIOEMKOCTb BJIaXK-
HOT'O 3€pHa MOXXHO PacCUuTaTh, KaK CPEIHIOI BEIUYUHY MEXAY TEMIOEMKOCTbIO abco-
JIIOTHO CYyXOT'O 3€pHa U BOJBI MO (popmyre
- ® C+100_®CC,
100 100

rne C. — yaenbHas TEMIOEMKOCTh CYyXOro BellecTBa 3epHa, paBHas 1,32 kJIx/(kr-°C); C
— yAeibHas TeIIOEMKOCTh BOJbI, paBHas 4,19 kJx/(kr-C°); ® - BIaxXHOCTh 3epHa, Y.
CkBa:xxHocTh. OHa UMeeT OOJIbIIOE 3HAYEHHUE MPU CYIIKE. 3aBUCUT CKBAXXHOCTh OT OJTHO-
POHOCTH 3€pHA, €ro BIAXHOCTHU, (POPMBI, IIEPOXOBATOCTU MOBEPXHOCTH, TOJIIIUHBI CIOA,
HaJINYKS IPUMECEN U Jp.

CoBpeMeHHbIE CYIIUIKH PabOTalOT Ha MPUHIMIE MPOIYyBaHUS 3€PHOBOM MacChl
CMECBIO TOTIOYHBIX Ta30B C BO3AyXoM. ClemoBaTeNlbHO, KYIbTYPhI, UMEIOIIHUE OOJBIIYIO
CKBa)XHOCTb, OKa3bIBaIOT MEHBIIEE COMPOTHUBJIECHUE MPU MPOXOKICHUU Ar€HTA CYIIKHA U
cyuiarcsi ObIcTpee.

Ha ckopocTh Cyllku 3epHa OJTHOBPEMEHHO BIHSIOT U Apyrue GakTopbl — CTPOCHHE
3€pHa U €ro COCTABHBIX YacTeu u Ap. CKBaXKHOCTH ONPEAENSAETCS KaK OTHOIIEHHUE TTOJTHOTO
00bEMa, 3aHUMAEMOT0 36pHOBOM Maccoil, K 00BEMY, 3aHUMAEMOMY 3€PHOM, U BBIpAXKaeTCs
B nporeHTax. CKBa)XHOCTH MIIEHMIIBI U P>KU B cpeaHeM paBHa 35...45%, oBca — 50...70%,
puca — 50...65%, rpeunxu — 50...60%, 3epHa Kykypy3b! 35...55%, npoca — 30...50%, ce-
MsH noacoaHeunnka — 60...80%, apHa — 35...45%.

IIpy Hanu4uM B Macce MEIKUX NMPUMECEN CKBAXKHOCTh €€ yMmeHblaercs. [Ipu yse-

JUYEHUU BJIAXHOCTU O0BEM 3€pHA M IIEPOXOBATOCTH BO3PACTAIOT, YTO MOBBIIIAET €ro
CKBaHOCTb.
AspoaMHaMHu4YecKoe conporuBieHue. TonrHa 36pHOBOTO CJ0s, NPOAyBaeMasi areHTOM
CYILIKHU WJIH BO3JyXOM, B CYIIMIIKaX Pa3JIMYHBIX KOHCTPYKIUNA KOJIEOJIETCS B 3HAUUTEIbHBIX
npenenax. ConpoTHBIEHHUE, OKa3bIBAEMOE BO3IYyXY, 3aBUCHT OT TOJIIHMHBI U IUIOTHOCTH
3€pPHOBOTO CJIO0SI, 4 TAKXKE OT CKOPOCTH BO3AyXa. A3PONMHAMHYECKOE COMPOTUBIICHUE 3€P-
Ha h (Ila) onpenenstor no popmyne
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h=9,81-A-8-v",
rme A un— ko3 UIMEHTHI, 3aBUCAIINE OT KYJAbTYphl 3epHa (Tabnuia 4); v — CKOPOCTh
BO3/lyXa, OTHECEHHAs KO BCEHl IUIOIIAJM 3€PHOBOIO CJIOsl, M/C; O — TOJIIMHA 3€PHOBOTO
CJ0S1, M.

Tabnuua 4
[Tiennna Pox OBéc SlumMeHb I'peunxa | Kykypysa Puc
A 1,41 1,70 1,64 1,44 1,76 0,67 1,76
n 1,43 1,41 1,42 1,43 1,41 1,55 1,41

CkopocTh BUTaHHUSA. DTO CKOPOCTh, IPU KOTOPOM 3€pHO MO BO3JAECHCTBUEM BO3/Y-
Xa HaXOAMTCS BO B3BEHICHHOM COCTOSHHUM. JJIsI TIIIIEHUITBI CKOPOCTh BUTAHUS MPU TEMIIE-
parype Bo3ayxa 20°C pasna 9,0...11,5 m/c, ns pxu — 8,5...10,0 m/c, ns oBca — §,0...9,0
M/c, s stamens — 8,5...10,5 m/c, ays cemsaH noaconneynuka — 7,0...8,5 m/c, Ayt KyKypy3bl
—12,5...14,0 m/c. Ilpu noBeIIEHNN TeMIIEpaTyphl BO3/lyXa CKOPOCTh BUTAHUS yBEIUYUBA-
€TCs, TaK KaK YMEHBIIIAeTCsl €ro MmIOTHOCTh. CKOPOCTh BUTAHUSI HEOOXOUMA MpPU pacué-
Tax MHEBMOTA30BbIX CYIIWIJIOK, U CYIIWJIOK, Pa0OTAIONIUX MO MPUHIHUIY «KHUIISIIETO»
CJIOA.

2.2 d)aKmOPbl, susaouiue Ha d)u3uuec1<ue ceolcmea 3€epHosblx Macc

Ha xneGonpueMHbie npeanpusaThs MOCTYNAOT NapTUU 3€pHa pa3HOOOPa3HBIX KYib-

Typ C TMOKa3aTeJsIMU KauecTBa, YAOBJIETBOPSIOMIMMHU TPEOOBAHUSAM TOCYIAPCTBEHHBIX
CTaHJapTOB Ha 3aroTaBJIMBAaeMO€ 3€PHO WJIM C OTKJIOHEHUSIMU OT HUX B Mpeaenax Wiu
BBIIIE OIPAaHUYUTENILHBIX KOHIUIIUNA. PasMenieHue mapTuil B XpaHWINIIAX, METObI TIOCIIe-
yOOpOUHOI 00pabOTKH, PEKUMBI M CITIOCOOBI MX XpaHEHUsI, 1IEJIEBOE MCIIOIb30BaHNE 3aBU-
CSIT OT KaueCTBa MOCTYNUBIIUX MApTUN 3epHA. 3epHO (HOpMUpPYETCS B IOJIE, IIPU 3TOM €T0
duznYecKre 1 XMMUKO-OMOIOTUUECKUE MMapaMeTPhl 3aBUCSIT OT MHOTUX (PAKTOPOB.
CopToBble 0CO0€HHOCTH 3epHA. B 3aBUCHMOCTH OT copTa 3e€pHa U3MEHSIOTCS (puznye-
CKHE CBOWCTBA, (hU3MOJIOTUYECKAasi aKTUBHOCTh 3€PHOBOM MacChl, €€ MyKOMOJIbHBIE, XJe-
OorekapHble CBOMCTBA M MOTPEOUTENHCKUE JIOCTOMHCTBA MPOAYKTOB NepepaboTku. MHo-
e CopTa 3€pHAa U CEMSIH XapaKTEePU3YIOTCA PA3IUYHON YCTOMUYMBOCTBIO MPHU XPAHEHUHU.
Pa3menienue maptuii 3epHa Ha XJIEOONPUEMHBIX U 3epHONEpEepadaTHIBAIOIINX MPEINPHU-
ATHUSIX, PacueT ¢ XJeOocaaTuuKaMu 3a 3€pHO U CEMEHA MPOBOJAT C YUYETOM KayecTBa, COp-
TOBBIX OCOOEHHOCTEH U UX JAJIbHEUIIIET0 UCIIOIb30BAHUS.
YciaoBusi pazButus u ¢popmMupoBaHus 3epHa. [[ouBeHHO—KIMMaTUYECKUE YCIOBUS, B
KOTOPBIX pa3BUBAETCS U (HOPMUPYETCS 3€PHO, OMPENEIAIOT pa3Mep ypokasi, XUMUUYECKUN
COCTaB 3€pHa U €ro KauecTBO. Pa3Hble OTKIOHEHHS] OT HOPMAJIbHBIX YCIIOBHI COMPOBOXK-
JAI0TCSl UBMEHEHUEM CBOMCTB 3€pHa.

Pannue 3aMopo3Ku NPUBOIAT K 0Opa30BaHUIO0 MOPO3000MHOTO, IIYIUIOro 3€pHa, KO-
TOpO€ HEYCTOMYMBO MpHU XpaHeHUU. K CylecTBEHHOMY CHUKEHUIO KauecTBa 3epHa MpHU-
BOJIUT 3aCOPEHUE CEMEHAMM PAa3JIUYHBIX COPHBIX PACTEHUH (MOJBbIHb, JUKUM YECHOK, KO-
pHUaHJIp), B pe3y/bTaTe 4ero TpedyeTcsi CpouHas OUMCTKA.

YcioBusi yOopku ypoxkasi. B paznmuuHbIx KIMMaTH4eCKUX 30HaX Poccuu pazmuyHel yciio-
BUsI YOOPKHU, YTO 3HAYUTEIBbHO CKA3bIBAE€TCSl HA €r0 KayeCcTBE, OCOOCHHO Ha €r0 BJIAXHO-
ctu. [loBbIlIeHHAs BIAXXHOCTh CIIOCOOCTBYET MHTEHCHUBHOMY Pa3BUTHI0O MHUKpPOOPTaHU3-
MOB Ha IMOBEPXHOCTHU 3€PHA U SIBISETCS OJJHON U3 OCHOBHBIX MPUYUH CAMOCOTPEBAHUS TIPU
XpaHECHUHU.

YciioBusI XpaHeHUs1 B NePBbI nepuoa yOOpKHU, ycJaoBusi TpaHcnoprupoBanus. [Ipu
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XpaHEHUU Ha OTKPBITHIX TOKaX 3€PHO MOXKET YBIAXKHHUTHCS U Ja)kKe MpopacTu. TpaHcmop-
TUPOBAHKE UHOT/Ia ObIBAET MPUUYMHOMN 3aTpA3HEHUS 3€pHA.

Bce nepeuncnennsie ¢hakTopbl TPUBOAIT K HeoOxonuMocTu ocymiectsiaenus 100%—
HOTO BXOJHOTO KOHTpoJist. /s 3TOro xsiedomnpueMHbie MPEanpUsTUS UMEIOT COOTBETCT-

BYIOIIIHME CITY>KOBI.
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Jlexknusa Ne 3

3 Teopnﬂ B3al/IMO)]eI7[CTBI/ISI CbINIY4YMX TE€J C 3CPHOBBIMM CHJIOCAMU U 6yHKepaMn

Cpenoii, ¢ KoTopoi B3aUMOJEHCTBYIOT paboune OpraHbl MallMHbI, BO MHOTHUX CIY-
qasix SBISIOTCA Pa3JUYHbIE CHITy4YHe MaTepualibl (36pHO, CEMEHAa TEXHUUYECKUX KYIBTYD,
MUHEpaJIbHbIE Y10OpeHus, moysa). C pazBUTHEM O0IIECTBA MOTOK IPy30000pOTa CHIMYUUX
I'PY30B HENPEPHIBHO PACTET.

Heob6xoquMoit cocTaBHOM 4acThi0 MAIllUH, MPEIHAa3HAYEHHBIX sl paOOThI C CHIMY-
YUMU TEJaMU, SIBISIOTCA OyHKEPHI pa3IudHON (POPMBI U TpyObl MOCTOSSHHOTO ceueHus. K
MOCJEAHUM OTHOCSTCS LWIMHAPUYECKUE OYyHKEphI (CHUIIOCHI), KOXKYXH BUHTOBBIX TpaHC-
MOPTEPOB.

HecmoTps Ha moBceMeCcTHOE pacnpoCTpaHEHHE OYHKEpOB M UX KaxXyIIylOcs Mpo-
CTOTY, T€OpHUs UX paboyero Mporecca HaXOAUTCS B 3a4aTOYHOM COCTOSIHUH.

3.1 Cunwt, oelicmeyrouwue Ha colnyuee mejio 6 cocyoe (cmamuka)

Kparkuii ucropuveckuii 0630p.

IlepBass pabora, moCBfllleHHAass 3TOMY BOIpOCY, Oblia BhIMojJHEHAa B 1882 romy
N.Po6eprcom. UccnenoBanus NpoBOAWIUCH C TIOMOMIBIO MPU3MATUYECKUX COCY/IOB KBa/l-
PaTHOTO Y IIECTUYTOJIBHOTO CEYEHUs, 3aMOIHEHHBIX 36pHOM. C MOMOIIBIO BECOB OIpe/ie-
JISJTOCH TABJIEHUE HA MOJABHKHOE JHO.

PobGeprc mpuiien K 3aKJIIOUEHHIO, YTO YCUIINE, IEUCTBYIONIEE HA THO, 3HAYUTEIBHO
MEHbIIIE Beca 3epHa B cocye. [Ipu nt000i BeicoTe cTON0a 3€pHA B COCY/IE, MPEBBIMIAIONIEH
VABOCHHYIO IIWPHUHY JHA, JABJICHHE HA THO OCTAaeTCS MPAKTUYECKH HEU3MEHHBIM. bblia
MoJIy4eHa amMnupuyeckas popmyna ajisi yCuiusl, AEMCTBYIOIIEr0 Ha THO COCYna:

Q=C-A-D-vy,

O rne  Q — cuia, AeMCTBYIOIIAsI HA THO
kH/M Poxb cocyna; A — miomans aHa; D — nua-
s [Muenuna METP BIHUCAHHOW OKPYXHOCTH JHA; Y
//— Ogéc — BEC €MHHMIBI 00beMa CBHITYYEro Te-
S A na (narypa); C = const = 1,03 — xo-

10 ~ 3¢ PuureHT nponopUHOHATBHOCTH.
Heckonpko mo3zxke M.Dpun
> MIPOBEJI OMBITHI IO ONPEICTICHHUIO JIaB-
JICHHWS 3€pHAa HAa JTHO W CTEHKH MOJe-
0 200 400 600 800 P xH Jiel CUJIOCOB C KBaJpaTHBIM IOIEpeU-

HBIM Ce4YeHuEeM. bOkoBbIE ycunus u3-
MEPSUIUCh € TOMOIIBI TMOPHIIHEH C
KUJIKOCTHBIMU ~ MaHoMeTpamu. OH
TaKkK€ OTMEYAET, YTO JIaBJICHUE Ha JTHO 3HAYUTEIbHO MEHbIIIE BECA 3€pHOBOTO cTosba (pu-
CYHOK 6), 1 OOBSCHSIET 3TO NEepeAaueii 4acTh Beca 3epHa Ha CTEHKU COCy[a B BHUJE CHUI,
JEUCTBYIOIUX HA pacnop v Ha TpeHue. Opua yrounsetr popmyny Pobeprca.

A.E./lenakpoa mpoBesn ONBITHI HA CUJIOCAX 3JE€BATOPOB M MPHUIIEN K BBIBOAY, YTO
JIaBJICHUE C TIIyOMHOW BO3pacTaeT, HO 3TO U3MEHEHHUE HE JIMHEIHO U uMeeT npeaein. Hauun-
Has ¢ HEKOTOPOM IITyOUHBI, TaBJICHHE 3aMETHO HE U3MEHSIETCSI.

[lonbITKY TEOPETUUECKOTO OOOCHOBAHHUS HAMIEHHBIX SMIIUPUUECKUX 3aBUCUMOCTEH
npennpunsl B 1891 rony B. Hapexun. Celltyuee Teno, 3akiIO4€HHOE B COCYIE, OH pac-
CMaTPUBAET KaK COBOKYIMHOCThH CBOJIMKOB 3alOJHSIONINX BECh OOBEM CHIIYyUYEro Tejaa ToJ-

Pucynok 6 3aBUCUMOCTH OOKOBOTO JIaBJIICHHS Ha
CHJIOC G, OT Beca 3epHa P
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IIMHOW B OJHO 3€pHO. CunTas BEpTUKAIBHOE JaB-
JIEHHE PaCIpPeIeIEHHBIM PAaBHOMEPHO IO TOPU30H-
TAJbHOM MPOEKIMH, OH MPUXOAUT K BBIBOAY O Ia-
pabonnueckord GopMe cedeHHs CBOAMKOB (pHUCY-
HOK 7).
OcHoBHBIE pacuéTHbIEC (POPMY.JIBL.
Jlanmee, Ha OCHOBe 'Teopuu CBOAOB" ompe-
PI/ICYHOK 7 Cxema necTBUSI CUIT ACIIOTCA JOABJICHMA CHIIYYEro TEjIa HAa OHO M
no Hanéxeny CTEHKH COCYZIOB, a TAaK)X€ paccMarpuBarOTCs BO-
MPOCHI O BO3MOXXHOCTH MUCTEUEHHS CBHIIY4YEro TeJa
U3 OTBEPCTHs, O IIyOMHE 3ali0keHUs] PyHIaMeHTa B chillyueM rpyHre u T.i. B 1895 rony
nosisusiack padora IS SIHceHna, KOTOPHIM curTanl OOKOBOE JIaBICHHUE MPONOPIIMOHATBHBIM
OCEBOMY

X

. 4K

p=S Vs
4K

rie P — oceBoe naBieHHe B ceueHUM ¢ adciuccoi X; S — cTOpoHa KBajpara ImonepeyHo-

rO CEUYEHUS CUIIOCA; Y — HAaTypa 3€pHa.
K= Ps-f
P

rne Pg— OokoBoe naBnenue; f — ko3 duireHT TpeHus 3epHa 0 CTEHKY CHJIOca.

[Mocnenusis Gpopmyna ceituac sBisIETCS OCHOBHOM MpU pacyeTe AaBICHUN HA JHO U
CTEHBI OyHKepa.

OcHOBHBIE 32/1a4M TUHAMMKH ChIIyYUX TeJ U MYTH UX pellleHHus.

MOXXHO HAMETUTh TPU OCHOBHBIX THNA 3aJa4 U, B COOTBETCTBUU C ITUM, TPU Ha-
MIPaBJICHUS B IMHAMUKE CBHIMTYYUX TE.

1. Teopust IBUKEHUS CHIMMYYUX TEJ B 3aKPBITHIX COCY/IaX, HEMOABUKHBIX WU JABUKYIINX-
csl 0 KakUM—J1n00 3akoHaM. Crofja OTHOCUTCS ABMKEHHE CBIITYYHX TeJl B TpyOax u OyHKe-
pax, HEMOJBMKHBIX UJIM COBEPIIAIOIINX KAKOE—JIMOO BUKEHUE.

2. Teopust ABMKEHUSI CBHIMMYYUX TEJ B OTKPBITHIX cOCylax (JI0TKaX, »kea00ax, CKpeOKOBBIX
aJIeBaTOPaAX).

3. Teopust 0OTEKaHUs CHIMYYUMH MaTepualiaMyi TBEPABIX Ted (MEIIaJIKu, MOOyIUTENH, pa-
0o4ue opraHbl MaIlKH).

Bo Bcex ciywasx HaOmonaercss OTHOCUTENBHOE IBH)KEHHWE YacTHUIL] BCEro oObEMa
CBIIIYYEro Tejia, TaK KaK MPU JIBH)KEHUU CBIIYYEro Tejaa B TPyOe MEPEMEHHOI0 CEYeHUs
iy OyHKepe MpUJIeraroiiie K CTEHKaM YacTHUIbl BKIMHUBAIOTCS MEXIY COCEIHUMHU Yac-
TULIAMY; T.€., B CBOIO OY€pEb, Pa3[BUTAIOT CMEXHbIE YacTUllbl. B pe3ynsrare 3T0ro B OT-
HOCHUTEJIBHOE JIBUKEHUE IPUXOIAT BCE YACTHIIbI, 3AMOIHSIOIUE O0OBEM.

N3 cka3aHHOTO CJENyeT, YTO BO BCEX CIYyYasiX ChIIydee TEJIO HE MOXKET paccMaTpH-
BaThCS KaK MOHOJUT, JBUKEHHE KOTOPOTO MPOUCXOAUT JIMIIL MYTEM CMEUIEHUS 4YacTei
MOHOJIUTA TIO OTJEIBHBIM IIOCKOCTSM CKOJBXEHUS. B CBSI3U ¢ 3TUM NpU UCCIIETOBAHUU
JUHAMHUKW CBIMMYYUX TEJ BPSJ JIU MOTYT OKa3aTbCs MOJIE3HBIMU METOMbl CTaTHUCTUKU
CIUIOUTHOW CBIMYYel Cpejbl, MPeanoiaraoiiie BO3MOXKHOCTh PAa3pyLIEHUs JIUIIb O OT-
JETBHBIM TIOCKOCTSIM.

3aKOHOMEPHOCTh JBUKEHUS CBHIY4Yero Teja CYUIECTBEHHBIM 00pa3oM 3aBUCUT OT
(U3UKO-MEXaHUUYECKUX CBOMCTB, (DOPMBI U pa3MepoB YacTull. JeicTByrolMe HA CTEHKU
COCYIIOB (M CO CTOPOHBI CTEHOK Ha ChIIIy4€e TEJI0) CHUJIbl Pa3JIMYHbl Il POAYKTOB, pa3-
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JAYAOUIMXCS, HAIPUMEP, TOJIBKO pa3MepaMu 4acTHL.

PeanbHbie cBOMCTBA (DU3UYECKUX TEN BCETJa CIOXKHBI U MPOTUBOpEeYUBHI. Hekorto-
pBIE W3 3TUX CBOWCTB B ONPEACIECHHBIX YCIOBUAX SBJISIOTCSA MIABHBIMHU, JPYTHE — BTOPO-
creneHHbIMU. [loaTOMY pa3zpaboTka TEOpPUH KaKOrOo—IuOO0 (PU3UYECKOTO SIBICHUSI OOBIYHO
HAYMHAETCSA CO CXEMAaTU3allU U3y4aeMoro 00beKTa, ero ynpoileHus. [lonyyaerca monens
00beKTa, COXpaHSIOIIAs JINIIIb TTIABHBIE €T0 CBOMCTBRA.

OcHOBHOE OoTIMYME TI000T0 CHIMYYEro Marepuana OT TBEPAOro Teja 3aKI0YaeTcs B
JTUCKPETHOCTH €ro CTPYKTYpbl. B0O3MOXHOCTH (MJIM HEBO3MOXKHOCTH) OTHOCUTEIHLHOIO
JBHMO>KEHUS 3€PEH ONPENEISIET XapaKTep ABMKEHUS ChllTydero marepuana. [locnennuii npu-
3HAK MO3BOJISIET MOAPA3ACIUTh NUCKPETHBIE MATEpHaNbl HA JBAa MPUHUIUNHUAIBHO pa3ind-
HBIX BHUJIA:

1) "uneanbHO chimy4ne" — MaTepualbl, y KOTOPBIX AEHCTBUE COKUMAIOIINX CUJT IPUBOJTUT K
OTHOCHUTEJIbHOMY JBMKEHHUIO YaCTHUIl (3€pHO, IPaHyIHUpPOBaHHBIE MUHEpAJIbHBIE ymnoOpe-
HUS, CyXOH MECOK U T.11.);

2) maTepualibl, y KOTOPbIX (popMa U CBOMCTBA MOBEPXHOCTEH YaCTHUIl TAKOBBI, YTO CXKU-
MaloIIUe YCUJIUS HE MOTYT MPUBECTH K UX OTHOCUTEIIBHOMY JIBHXKEHHUIO (MyKa, TOJIOBA,
BOJIOKHUCTBIE M COJIOMHUCTBIE MaTepHalibl U T.I.). Takol AUCKpETHBIA MaTepuai ImpH cka-
TUU BeJET ce0s mogoOHO TBEPIOMY AehopMUpPYyEeMOMY TEIy; CXEeMaTUYHO €ro MOXKHO YIIO-
NO0OUTH COBOKYITHOCTH MPaBUJIBHO YI0KEHHBIX KYOUKOB.

B namewm cirydae 310 nepBbii BUA. B 0CHOBY Teopuu MojokeHa JUCKPETHASI MOAENb
CBIMIyUYEro Tejia B BHUJIE COBOKYMHOCTH OTAEIbHBIX aOCOTIOTHO TBEPJBIX IIAPOBBIX 3EPEH,
MMEIOIINX BO3MOXHOCTh OTHOCUTEIBHOTO MEPEMEILICHMUS.

Vxe aTa mpocTeiias MoJieNb M03BOJISET OOBICHUThL MHOTHE HaOJIOIaeMble B pe-
aJIbHBIX YCJIOBUSX SIBIICHUSI U HE OCTABJISIET MECTa JJisi PAcCyXIACHUsI 00 0COOBIX CBOMCT-
BaX CBHIITYYHUX TEJl, MOSABIISIIOIINUXCS TPU JBHKECHUU.

W3 nepeuyncieHHbIX BhIIIE TPEX TUIOB 3a/a4 JMHAMUKH CHIITYYero Teya oyaeM pac-
CMAaTpUBaTh TOJBKO MEPBYIO.
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Jlexusa Ne 4
4 Teopusi MCTeYeHHSI CHINIYYero MaTepuasia

JlonymieHusi, TPUHATBIE B YIPOILIEHHOW MEXaHUYECKOW MOJIEIIH :
® ChHIITy4yee TEJIO MPEJCTABISIET COOON COBOKYMHOCTH OTIENbHBIX a0COIIOTHO TBEPABIX
IAPOBBIX 3€PEH OJJMHAKOBOIO IMAMETPA, YIOKEHHBIX MPABUIbHBIMU CIOSIMH;
® B IIpoOlIeCCe BMKEHUS MaTepualia B OyHKepe IIaphbl epEeMEIIaoTCs MOCTYNaTeIbHO (HE
BpaIllalOTCsl ), CKOJIB3s APYT MO IPYTy U MO CTEHKaM OyHKepa;
® CUJIbI TPEHHS MIAPOBBIX 3€PEH JAPYT MO JIPYTy U MO CTEeHKaM OyHKepa B MPOIIECCe JBU-
YKEHUS TOTUUHSIOTCS 3aKOHY CyXOro TpeHus KyioHa, Cuiibl ClEIIEHHs] OTCYTCTBYIOT;
® XapaKTep YKJIAJIKHU 3pPEH B MPOLECCE IBUKECHUS HE N3MEHSETCH.

Takast Mozielib OMUCHIBACT "HUCANBHO ChIlTyure" Marepuainbl U OJu3Ka K peaJbHbIM
CBOMCTBaM 3€pHa, KpyI, TPaHYJIUPOBAHHBIM MUHEPAJIbHBIM YIOOPEHUSM, CyXOT0 MecKa.

Merton peuieHus 3a0a4u 3aKI0YaeTCsl B PACCMOTPEHUH CHII, IEMCTBYIOIIUX HA BbI-
JIeeHHBIN 00BEM chlillydero Tena. [lpu a3Tom pemrarores Be 3a1a4il TMHAMUKY:

a) OIpeJeeHUuEe 3aKOHOB IBUKEHUS U UCTEUEHUSI CHIITYYEro Teja MpH 3aJlaHHbIX CUlax;

0) ompenesieHHE IaBIICHUI CHITYYEro Tejia Ha THO U CTEHKU COCYIOB MPHU 3aJaHHOM JIBU-
EHUU (B YACTHOCTU B MOTOKE) CHIITyYEro Tea.

Buabl ucTeueHHs ChINMYYUX MaTEePHAJIOB.

W3 onbITOB M3BECTHO JIBa BUJA UCTEUEHUS CHIMYYEro Marepuaina u3 OyHkepa: HOp-

MaJIbHOE Y THUJIpaBInYecKoe (pUCyHKH 8, 9).
' HopmaJibHoe ucreyenue. B 1ieHTpanbHON YacTu
4 H Oynxepa Hag orBepcTieM Bo3HHMKAeT OTOK ABCD chi-
" nydyero mMarepuana. [lo kpasm OyHkepa mosiBisieTcs 3a-
croitHag 30Ha BCgH. Ilotok momonHseTcs 3a cyer co-
CKaJIb3bIBAaHUS YaCTHUI[ B CPEJHIO 4YacTh OyHKEpa IO
orkocy HB. Ha noBepxHocTH chillydyero marepuaina o0-
pasyeTcsi BOpoHKa. B koHIle mpoliecca ucteueHus: oopa-
3yercs "MEpTBbIA" octatok nC 1 mD.

I'mapaBianyveckoe ucredyenue. Marepuan omyc-

Pucynok 8 Cxema HOpManbHOro Kaercs "BCeM ctoiooM" 6e3 oOpa3oBaHUS BOPOHKH Ha

UCTEYCHUS nopepxHocTu. Kpaitnue vactunpl notoka ABCD ckomb-

35T MO CTEHKaM OyHKepa. 3acToilHasi 30Ha OTCYTCTBYET.

['unpaBnuyeckoe ucTedyeHue HaOMIONAeTCsl IPU CPABHUTEIBHO HEOOJNBIINX 3HAYCHUSIX YT-
Jla 0L HAKJIOHA CTEHOK OyHKepa K ero ocu (aJis nieHus o<=30 ).

IlepeunciienHbple NPU3HAKU JIBYX BHJIOB HCTEYEHUS CBUICTEIBCTBYIOT O CYLIECT-
BEHHBIX Pa3IMuUAX MEXay HUMHU. OJHAKO MEXKy paccMaTpUBAEMbIMU BUJAMU UCTECUCHUS
ecTb u oburee —, notok ABCD. O4eBuHO, 3a1a4a ONMCaHUs THAPABINYECKOTO UCTCUCHHUS
OoJee mpocTas, Tak Kak (hopma MOToKa 3apaHee ompeiesieHa CTeHKaMu OyHKepa. B cinydae
HOPMAaJIbHOTO HCTeueHUs (popMa MOTOKa AOJKHA OBITh MPEIBAPUTEIHHO OMpe/ieNieHa C
y4€TOM (DU3UKO-MEXaHUYECKUX CBOMCTB Marepuara.

Jughgdepenyuanvnoe ypasnenue osudicenus snemenmapno2o 00veéma coinyie2o mena 8
OyHKepe npu 2u0pasiIuyeckom ucmedeHuu
W3 nBukeHust B TpyOe MOTOKA CHIMYYEro Telia BBIACIUM ABYMsI O€CKOHEYHO OJIn3-
KUMU TOPU3OHTAIBHBIMHU IUIOCKOCTSMHU 3JeMeHT dx. Ha Hero AeicTBYIOT ciemyromiue
BHelHue cwibl (pucyHok 10): dG — cuna TsxkecTH, npuiioxkeHHas B neHTpe macc C ane-
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MeHTa; P u P+dP — cuibl, npunoxeHHbIe K 3JIEMEHTY CO CTOPOHBI BBIIIE U HIDKEJIEHKAIIUX
cinoés; dR — peakunu cTeHOK OyHKEpa, MPUIIOKEHHBIE K 3JIEMEHTY.

Pucynok 9 Cxema ruipaBIndecKkoro uCTeUCHUs Pucynok 10 Cxema cun

[TockonbKy 37€MEHT B TOPU3OHTAIBHOM IUIOCKOCTH MMEET KOHEUHBIE pa3Mepbl U
MpeACTaBIsET CO00M CUCTEMY MaTepUAIbHBIX TOUEK, PACCMOTPUM JIBH>KEHHUE IIEHTPa Macc
anemenTa. [Ipu 3Tom OyneM cuuTath, YTO IUIOCKUE TPAHUYHBIE MOBEPXHOCTH DJIEMEHTA
OCTAIOTCS TUIOCKUMHU U B TIPOIIECCE IBUKECHUSL.

Torna B COOTBETCTBUU C TEOPEMOW O JBUKEHUHU IIEHTPAa MACC CHUCTEMBI MOIYyYUM
muddepeHnmanbHOe ypaBHEHHUE IBUKEHUS SJIEMEHTA B BUJIE

dm - a=dG - dRx—dP, (1)
rie  dm — macca snemMeHTa; a — yckopeHue 1entpa macc; dRx — cymma npoekiuii peak-
U CTEHOK Ha och OX.

[lycTte y/g — HaceimHas TIOTHOCTH Matepuana; F = F(x) — mnomaas nomnepeyHoro
ceueHusi OyHkepa Ha niyouHe X; q = q(t) — 00bEM, NpoXOAIINA Yyepe3 Kakoe—Iubo ceue-
Hue OyHKepa B eIMHUIlY BpeMeHH ("0O0BEMHBIN pacxon'); U — CKOPOCTh CHIITYYEro Mare-
puana B ceuenuu X. Torma o0béM anementa dV = F - dx. [l Benu4uH, BXOAAIIMX B ypaB-
Henue (1), nomyunm:

dG =y -F-dX;dm =L.F.dX;
g

dR ¢ =k-P-dX;U=%.

®opmyna dRx = k(X) -P-dX 3anucana opueHTHPOBOYHO, UCXOSI U3 COOOpAKEHUS O
TOM, YTO PAaCHOpPHBIC YCUJIUS, MPUKUMAIOIINE YAaCTUIIBI K CTEHKaM, BO3PACTAIOT MO Mepe
yBenuyeHus cuil P, cxumaromumx snemeHT. [lpu 3toM pactyt peaknuu dR cTeHOK U uX
npoekiu dRyx Ha ock OX.

[Tnomane F = F(X) nonepeunoro cedenusi OyHkepa B IUIOCKOCTH, COOTBETCTBYIO-
el paccMaTpuBaeMOMY AJIEMEHTY, 3aBUCHUT OT €ro noioxeHust X = X(t); B pe3yabTaTe 3Ta
Iomanb sieisiercs pynkuuent Bpemenu F = F[X(1)].

YckopeHue 351eMeHTa MOKHO HalTH, npoauddepeHIpoBaB CKOPOCTh 1O BPEMEHHU:

dq p_ . dF dX
-4a)-4 a0 | g T ax g o
dt\F) dt |F[X(t)] F? '
q

y‘II/ITBIBaSI, qT0 d— =V = E, mojrydyacm
t
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2
a:l.ﬂ_q_.d_F:al+a2
F dt P’ dX

2
rme al :l-ﬂ; a2:q—-d—F.
F? dX

B MoMeHT OTKpwITHS Chiydyuid maTepuai HemoiBuwkeH (q = 0), ciemoBaTesbHO,
a2=0 u a=al. IIpu ycranoBHUBIIEMCS UCTEUEHUH =const, cienoBarenbHo, al=0 n a=a2. B
npouecce HeycranoBusuierocst ucreuenus al=0 n a2=0.

[Tocne moncTaHOBKY 3HAYEHUM BENMUYKH B ypaBHeHUE (1) OHO MPUBOAUTCS K BUIY

2
d_P+K.P:y.F_l.ﬂ+u.£. 3)
dx g dt ¢.F* dX

[Ipunstas Hamu npu BeIBOJIE ypaBHEHHUs (3) MozeNib CIUIOMIHON "chimy4dent cpebr”
He OOBSACHSIET MEXaHW3Ma Mepe/ladll YCUIUN B ChIlyyeM MaTepHalie, CIeICTBUEM YEro siB-
nsietcst HeonpenelneHHocTh koadduimenta K. Hanuune nenssectHoit pynkuuu K = f(X) B
YpaBHEHUH JI€JIAI0T HEBO3MOXHBIM UHTETPUPOBaHUE ypaBHEeHUs (3).

JInst pacKphITUS 3TOM HEOMPEAEIEHHOCTH PACCMOTPUM MEXAaHHYECKYIO MOJEND ChI-
Iy4Y€ero TeJla KaKk JUCKPETHOTO Marepuana.
JIuCKpeTHAs MOIeJIb ChIIYy4ero TeJia.

1

a — cXeMa CHJI, ICMCTBYIOLMX HA YACTHULbI, TO00HA apaIeIorpaMmy;
0 — cucTeMa 4acTHIl IPU YCIOBUU PaBHOBECHUS B OyHKepe
Pucynoxk 11 Pacu€rHas cxema MoJenu ChIIlydero Teia

[IycTb, Kak OBLIO MPUHATO paHee:

a) ChIIy4Ylii MaTepuall COCTOUT U3 OJUHAKOBBIX a0COJIOTHO TBEPIBIX IMIEPOXOBATHIX IIa-
POB, YIOXKEHHBIX MPABUIBLHBIMU CIIOSIMU;

0) B mpoliecce ABUKEHUS IIapbl HE BpamlaroTcs (ABMXKYTCA MOCTYHATENbHO, CKOJIB3S IO
CTEHKaM U JAPYT 10 JIpYTy);

B) CUJIbI "BHEIIHEr0" TPEHHUs IIapOB O CTEHKHU U "BHYTPEHHEr0" TPEHUS MEXKY IIapamMu
MIPU CKOJIbKEHUH MOJUUHSIOTCS 3aKoHy Kynona.

B paccmarpuBaeMoM cilydae TpYIIbl I[IApOB 00pa3yloT Kak Obl [IAPHUPHO—
phlYaKkHbIe MeXaHU3Mbl. COOTHOIIIEHUE CUJI B TAKOM MEXaHU3ME OTpeJEsieTcsi criocoOoM
VKJIAJKU [IapOB — YITIOM YKJIaAKUA 3 MEXAY BEPTHKAJILHON OChIO M OOIEe HOPMAJIbIO K
niapam B TOYKE UX COPUKOCHOBEHHUS (pUCYHOK 11).

CooTHollIeHrE MEXTYy CHJIaMU Q U P IPU PaBHOBECUM a0COJIIOTHO IIAJKUX HEBECO-
MBbIX apoB 1, 2 u 3 B cy’kuBaroiieMcsi OyHkepe HalAEM U3 ypaBHEHUMN CTATUKHU:

1) ZX;"=P—n-Ny - Cosp =0;

2) Xi” =N12 - Cosp — N32 - Cosp — R - Sina. = 0;

3) 2Y;#= Ny, - Sinf + N3, - Sinp — R - Cosa. = 0;

22



4)2XP=n-Ny; - Cosp — Q= 0;

IJ€ N — YKCIo mapoB 2, 2', ..., ¥ T.J., 00pa3yroluX MPOMEXKYTOUYHBIN KOJIBIIEBOU CIOM,
npuieratonmii Kk crenkam Oynkepa; Ny = Npj u No3 = N3; — HOpMalibHbIE peakiuy 1apoB
ApYT Ha Apyra.

N3 nepBOro u 4eTBEPTOro ypaBHEHUN HAXOAUM peakiuu Ny U Nos.
IToncraBuB 3HaUE€HUs ITUX CUJI BO BTOPOE U TPETHE YPABHEHHS U UCKIIIOUUB PEaAK-
LU0 CTEHOK R, momy4yunm:

Q 1-tgo-tgp

P 1+tgo-tgf
CootHomienne Mexay cuiiamu Q u P, kak HETpyIHO yOeAUThCs, HE 3aBUCHUT OT YKC-
Ja n mapos 2, 2', ... ¥ T.I. IPU PABHOMEPHOM PACIPEICIICHUU APOB ATOTO CJIOSI MO KOH-

Typy CEUCHHUS.
CxeMmbl cuj, IEUCTBYIOMMX HA mapel 1, 2 u 3 ¢ y4eToM CHJI TPEHHS CKOJIbKCHUS

("BHYTpeHHETO" TpEHHUS MEXKy IIapaMu U "BHEIIHET0" TPEHUs IIapOB O CTEHKY OyHKepa)

M300paKeHbI Ha pUCyHKe 12.

— N,, Ny, ' B N,,

'N23

A/VX

f1 °N21

ol

X
Pucynok 12 Cxema cui, JelCTBYIOIIMX HA OTAEIbHBIC YaCTUIIBI

Hamnpapnenusi cusi BHyTPEHHETO TpeHUsl 00yCIOBIEHBI "BKIMHMBaHUEM " 1IapoB 2 B
MIPOMEKYTOK MEXAY mapamu 1 u 3 BCIEACTBUE ABHXKEHUS CJIOA IIAPOB B CTOPOHY CYXKE-
HUS TPYOBL.

YpaBHEHHS paBHOBECHS IIAPOB C YUYETOM TPEHHS UMEIOT BULL:

1. Xi(1) =P —n-N21-Cosf + f1-n-N21-Sinf} = 0;

2. Xi(2) = (N12 —N32)-Cosp — f1-(N12 — N32)-Sinf3 — R-Sina — f2-R-Cosa= 0;

3. Yi(2) = (N12 — N32)-Sinf + f1:(N12 — N32)-Cosp} — R-Cosa — 2-R-Sina= 0;

4. Xi(3) =n-N23-Cosf — f1:n-N23-Sinf3 — Q= 0.

UckirounB u3 3TuX ypaBHeHUM cWiibl Nij; = Nji, Nog = N3 1 R, monydnm cooTHo-
meHne Mexay cuiiamu Q u P ¢ yuetom TpeHus:

Q _1-tg(a+g)-tgB+y) @
P 1+tg(a+(p)- tg(B+\|1)
rae ¢ = arctgf, — yron BHEIIHEro TpeHUsl 0 CTEHKY OyHkepa; y = arctgf; — yroa BHyT-
PEHHETO TPEHUS MEXKAY LIAPAMMU.

Takum o06pazom, cuwina Q, MpUOKEHHAsT K mapy 3, MeHblle "IBrKyiend cuibl P.
YmenbpmuB cuity Q 10 HyJs, TPUAEM K YCIIOBUIO CAaMOTOPMOXKeHUA mapoB Q < 0, npu BbI-
MOJIHEHUHM KOTOPOTO HUKakas cwia P He CABHHET WIapbl ¢ MeCTa Aa)Xe NPU OTCYTCTBUHU
npoTuBOAaBICHUS Q.

VYcnoBue caMOTOPMOXKEHUS, KaK CIEAYET U3 COOTHOIIEHUS (4), UMeeT BUJL
o+at+fp+y>90°.
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[Ipu BBIMOJIHEHUH 3TOTO YCIOBHUS IIAPhl HE MOTYT CKOJB3UTh MO CTEHKaM TPYOBI.
I'mapaBnuyeckoe HCTEYEHHE HEBO3MOXHO. (COOTBETCTBEHHO, YCIOBHE BO3MOXXHOCTHU
CKOJIb)KEHHUSI 11apOB MO CTEHKaM (YCJIOBHE THUIAPABIMYECKOTO UCTEUCHHS) MOXKET OBITH 3a-
MHACAHO B BUJE:

¢ +oa+p+y<90°.

Berutsa mo eguHuUIEe U3 JIEBOW U IIPaBOM YacTH COOTHOIIEHHUS (4), HalIEM TTPOESKITUIO
ARx = Q — P peakuuii CTEHOK paccMaTpUBaEMOIro CI0sl Ha OCh TPYOBI:
2-tg(a +(p)-tg(ﬁ -H//)
l+ig(a+9)-1g(f+y)

[lepexonst or mnpepbBUCTOTO ("IUCKPETHOTO") pacloNOKEHUs] PEaKIUid CTEHOK
BHOBb K HETIPEPHIBHOMY (B Ipejeiax TOMIIUHBI c1ost AX Ha puc.10), monaraem

X

dRx _ ARx
dX AX’

rne A = 2-d-CosP — paccrosiuue mexay mapamu 1 u 3 (cm. pucysnok 11); d — quamerp
mapa.

Torma dRx = % dX , v qyis Mmonyast cuiibl dRX mosmyyum

Ry e —tglo+0) teBry) 5)
[1+ (o + ) tg(B+w)]-d- Cosp
CpaBnauBas ¢popmyisl (2) u (5) BUAUM, 4TO
K(x) = tgla+¢) - tg(B+y) . ©6)
[1+tg(a+¢)- tg(B+y)]-d-Cosp

B ¢opmyne (6) Benuuunbl d, @ ¥ ¢ cuMTaeM MOCTOSIHHBIMM; yroi [3 mpu Oecriopsi-
JIOYHOM YKJIaJKe OOJBIIOr0 YHUcia MAapoB (€ciau 3Ta OECHOpsSI0YHOCTh COXpaHSETCS B
MPOIIECCE JABUKEHUSI) TAKXKE OCTAETCS MOCTOSHHBIM. MOXET M3MEHSATHCS TOIBKO yroyi o
HaKJIOHA CTeHOK OyHkepa k ero ocu OX. Ecnu, B wactHoctH, a=const, To u K=const. Ko-
s unuent K, oueBu1HO, MOCTOSIHEH Y OYHKEPOB UIMHAPUIECKON U KOHUYECKOUN (hopMm.
3aKOHOMEPHOCTH THAPABIUYECKOT0 HCTEYEHNS U3 KOHUYECKUX OYHKEPOB.

PaccmotpuM cHauana ABMXKEHHUE KOHEUHOTO O00BhEMA HECKHMMAEMOTO Tela, 3aKIIko-
YEHHOTO MEXY IJIOCKOCTSIMU a—a U b—b B koHndeckom OyHkepe (pucyHok 13, a). K kon-
LIEBBIM CEYECHUSIM MPUII0KEHBI COOTBETCTBEHHO cuiibl Pa u PB.

[Ipounterpupyem ypaBHenue (3) mno nepemeHHoil X B mpenenax ot Xa g0 Xb s
JTAHHOTO MOMEHTa BpeMeHH (t = const). B 1aHHBII MOMEHT BpEMEHH pacXo]l HECKUMAEMO-
ro Marepuaja BO BCEX CEUCHHUSX OIMHAKOB (q = const; q' = const). [loaTomy Bxoasmue B
ypaBHeHue Benuuunbl K, v, g, q, ' 0pu UHTErpupoOBaHUU MO0 X OyJeM CUUTaTh MOCTOSH-
HbiMu. [Inomans F nonepeunsix ceuenuit Oynkepa sipnsercs GyHkiuen X:

Xa a Pa a XA{I/ a a
Xp | —
i Xp
_N h :
b &b : o
Pp! j
-
y X X &
a) 0)
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a) IBUKEHUE KOHEUHOr0 00BhEMa B OyHKEpe; 0) UCTEUECHHE CHIITYYero Tena U3 OyHKepa
Pucynoxk 13 Cxema 1151 BbIBOIa YpPaBHEHUH JBUXKEHUSI CHIITYYEro Tela B OyHKepe

F=mny2=mn(R - &x)2;
dF =-2-n-&-(R-§-x),
dx
rnie E=tga; y=R—-E&x.
Takum 0Opa3oM, rpaBas 4acThb ypaBHeHI/IH (3) SABIISIETCSL HEKOTOpOM (pyHKIMen X:

Y Y- q
F- T+ — =0Q(x
Y- . q’ " = dX = Q(x).
VYpaBHeHue (3) MOXKET ObITh MEpEenrucaHo TaKUM 00pa3oMm:
j—P+K P =Q(x). (7)

OO6miee penieHue JMHEHHOTO YpaBHEHUS MEPBOTo nopsjika (7) uMeeT BUA
P=c ¢+ [Q(x) e -dx],
WiIn
- [Q) - dx =, ®)

BrinoaHuB nHTErpupOBaHUEe B paBeHCTBE (§), MOTYyYUM B JIEBOM €ro 4acTH HEKOTO-
pyto GyHKIMIO epeMeHHBIX X U P:

f(x,P) =C.

[IpupaBHSIB 3HaueHUs JIEBOW yacTh BhIpakeHUs (8) mpu x=X,, P=P, u npu x=x,,
P=Pg, nonyyuM QyHKIIMOHAIBbHYIO 3aBUCUMOCTb MEXAYy cuinamu P u Pg, npuiioxkeHHbIMU
K BBIJCJICHHOMY 00BEMY, adcurccaMu X, U Xp €r0 KOHIEBBIX CEUCHHUM U IBUKCHUEM BbI-
JIEJICHHOTO 00bEMa, XapaKTepU3yeMbIM BeIMUUHAMU ( U q';

fl (q, q,9 XA: XB, PA: PBs K9 Y, gs &s R) = 0

PaznenuB HailieHHYI0 3aBUCUMOCTh Ha KO3 UIIMEHT npu ', MOXKHO TMEpenucarb

e€ B BUJC

dq :
" — +D(XA, Xp)- q’ =E(XA,Xp) + F(X 4, Xp; Py, Pp), )
rie  kodpduuuentsl D, E u F 3aBucar ot nepeMeHHbIX (IPU JBUKEHUH) BETUYUH Xa,
Xp, Pa, Pp; a Takke nocrosiuubix K, vy, g, €, R.

VYpaBuenue (9) moxxkHO Ha3Barh nuU(depeHIaTbHbBIM YPaBHEHHEM JBUKEHUS KO-
HEYHOTO 00BEMA CHIITyYero Tejia B OyHKepe.

[lepexonst K uccneq0BaHUIO 3aKOHOB CBOOOIHOTO THAPABIMYECKOTO UCTEUCHUS ChI-
My4ero Tejia U3 KOHU4YecKoro OyHkepa (pucyHok 13, 0), monaraem B ypaBHenuu (9) Xg = H
= const; koopauHata Xp U3 YKCIa MEPEMEHHBIX MEPEXOAUT B pa3psijl MOCTOSTHHBIX BEJU-
YUH.

OTCYTCTBYIOT TaKK€ CHUJIbI, MPUJIOKEHHBIE K KOHIEBBIM ceueHUsAM 00bEMa (Pa=0;
Pg=0). ITpu stom F(X,, H, 0, 0) = 0. YpaBaenue (9) cranoBurcs auddepeHimaibHbIM
YpaBHEHHEM UCTEUECHUS CHIITy4ero Tejia U3 KOHMYeCKOTo OyHKepa:

dq 2
— +D(Xa)-q" =E(X,). (10)
dt

W3 nmocneaHero ypaBHEHHS CIEAYyeT, YTO 3aKOHOMEPHOCTh McTeueHus q=q(t) 3aBu-
CHUT OT BBICOTHI cTosi0a h celntydero tena B OyHkepe (mockonbky X, = H—h).

Paccmotpum ncteuenne menkozepHuctoro (d ~ 0) ceimyuero marepuana. Haiiném
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npeaensl Gyakuuii D(X,) u E(Xg) npu d — 0. OHu 0Ka3bIBatOTCS HOCTOSIHHBIMMU:

: B 2 _2&
fm{DX )= — = =

= const;

cliin})[E(XA)]:n-(R—g-Hf .g=m-r’ -g=const.
_)

VYpaBuenue ucreuenus (10) nmomnyyaer Bua

dq = 28 2 3
—+—. =TT -
qt o q g

Ecnu npunsats HauanbHbie ycnoBus npu t=0 u q=0 (T.e. B MOMEHT OTKPBITHSI OTBEP-
CTHUsI MaTepuall ObLI HETIOABUKEH ), TO [ 00bEMHOTO pacxoAa MoIyduM (GOpPMYIIbI:

R fﬂ :
g=m-r % th(wt); (11)
w:1’2§-g'
r

CKOpOCTh HCTEUYEHHUSI B OTBEPCTUU HAWJIEM, pa3[einB pacxol ( Ha IUIOMagb OTBEP-

2
CTHS TU-T°;
g1

V, = = th(ot)

. (12)
Oyukuus "runepOonuueckuit TaHreHc" — th(x), kak U3BECTHO U3 MAaTEMaTHKH, OI-

penesieTcs BhIpakeHUeM
et —e "
th(X) = ——
e +e " (13)
IIpu x=0 ¢yukuus th(x) paBua vymto; npu x — o th(x) — 1. I'padux runepOonu-

YeCKOro TaHTeHca MoKa3aH Ha puc.14, a. AHanmoruuHbeiii Bug uMeeT u rpadux Vo= V(t).
Th(x) N\ ann
1

—>
0 5) X
a — runepOoIMYEeCKUN TaHTEHC;
0 — pacxon uepe3 oTBepcTue OyHKeEpa
Pucynoxk 14 Kpussie u3menenus: GyHKIui

[IpenenbHbIe 3HaUEHUS pacxo/la U CKOPOCTH UCTEUCHHS] MEIIKO3EPHUCTOrO MaTepHa-
na onpenenstorcs uz popmyin (11) u (12) npu th(mt) = 1:

2 (8T
=x-r - ;
qnp 25
r-g
Vo= .
onp 25

N3 nmocnennux ¢Gopmyn BHAHO, YTO MIpPEAENIbHBbIE 3HAYEHUSI PACXO/la U CKOPOCTH
BO3PAaCTaIOT C YBEIIMYEHUEM PAJANYCa OTBEPCTUS U YMEHBIIAIOTCA MPHU BO3PACTAHUU yITia
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o = arctg(&). Ot BICOTHI h cTONM0A ChIMyYero Tenaa Haj OTBEPCTUEM U YITIOB TPEHUS @ U Y
CKOPOCTb TUJPABINYECKOTO UCTEUEHHUS CHIITYYEro MEJIKO3EPHUCTOIO Tela He 3aBUCHUT!

Bemnuuna o B popmynax (15)..(16) xapakrepusyeT TeMI NPUOIMKEHUS K MPEIeb-
HO cKopocTu. Yem OoJbllie 3HaUeHUE M, TeM OOJbIIe apryMeHT ™t (IpHU TaHHOM t) U TeM
omke 3HaueHue th(wt) k equnune. 13 popmynel (11) caeayet, yTo BenuynuHa  Bo3pacTa-
€T C YBEJIMYCHUEM & U YMEHBIIICHUEM T.

Bennunssl V, ;p, 1 @ 00paTHO MPONOPLMOHANBHEI APYT APYTY, KaK 3TO CIEAYET U3
dbopmyn (11) u (13):

® - Voup = g = const.

[Ipu onpeneneHun BpEMEHH UCTEUEHUS CHIITyYero Marepuaia u3 KOHUYECKOro OyH-

Kepa UCXOAUM U3 COOTHOIIECHHUS
dt’

rie  V — Tekymuii 00bEM ChITyuero Marepualia, HaXOAsIIHICs B JaHHBIIT MOMEHT B OyH-
Kepe.

[ToncraBuB B 3TO cCOOTHOIIEHUE ( U3 BhIpakeHus (11), monyuum nuddepeHimaib-
HO€ YpaBHEHHUE MIEPBOTO MOPsIKa

d—\/v:—g-c.r2 gth 2gg .t,
dt Y2e (U«

petenue kotoporo (mpu ycnosud t, = 0, V, = V() 1a€T 3aBUCUMOCTH MEXy BpEMEHeM t 1

TEKYIIHUM 00BEMOM V:

t =

—4¢
e 2 (vp-v)
—. 22 (Vy—V)+1In 1+\]1—eﬂ-r3
'V 26-g |-t

Ecnu B 310l hopmyrie monoxkuts V = 0, a nepBoHaYadbHbIA 00bEM BBIPA3UTh YEPE3

T ,
r,R,E=tga,a V, = —(R3 7 ), To moiyurM Bpems T ucreueHus Bcero ooObEma B BUJIe

3
4R
ro | [2R Jl—e3(r3_l)

|=(=——1)+In| 1+
% e 3(r3 )

-_—

3

YuutheiBas, 4To - >> 1, cmenoBaTelbHO,
T
3
-4 R
3037
r ~( ,

OKOHYATCJIbHO ITOJTY4YacM BPCMA UCTCUCHUA

R [

T= .
3r3 'V2§-g
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Jlexnusa Ne 5
5 DieBaTopsbl U CKIAABI

5.1 Knaccugpuxkayusn 3epnoxpanuiuuy

Knaccudukanus mo orae bHbIM MPU3HAKAM

3epHOXpaHWINIIA MOXHO KIacCUPUIUPOBATh MO PsALy MoKa3zaTened, XapakTepu-
3YIOIIMX CIMOCOO XpaHEHWUsI, CTENEHb MEXaHU3AllMH, PACIOIOKEHUEe, MaTepuas, KOTOPhId
WCTIOJIB30BAJIN IPU CTPOUTEIBCTBE, MPOAOJIKATEIILHOCTh XPAHEHHUS U JP.

3epHO MOXXKHO XpaHWUTh Kak B Tape, Tak U 0e3 Hee, T.. Hacwhimblo. Ilocnennee, B
CBOIO OU€pellb, MOAPA3ACIAIOT HA HAIMOJIBHOE, CKIIAJICKOE 3aKPOMHOE M CHIIOCHOE XpaHe-
HHE. 3€pHO B Tape€ B HACTOSIIEE BPEMSI HE XPAHSIT, KPOME CEMEHHOIO 3€pHa OTAECIbHBIX
KYJBTYP.

JIJ1s1 HaMmONBHOTO XPAHEHUsI UCIOJIB3YIOT BPEMEHHbBIEC XpaHUJIUIIA, T.€. OyHTHI Ha OT-

KPBITHIX IUIOIIAJKaX, CKJIaJbl HAMOJIBHOIO XpPaHEHUS (C TOPU3OHTAIBHBIMU WJIA HAKIJIOH-
HBIMU TIOJIaMH), 00OpYIOBaHHbIC MEPEABUKHONW WM CTallMOHApHOM MexaHuzarued. Ha-
MOJIBHOE XPAHEHHE MOKET ObITh U B MHOTO3TAXKHBIX CKJIAJIax.
B sneBaropHOi NMPOMBIIUICHHOCTH HAMNOJBbHOE XPAHEHUE AOCTATOYHO IMIUPOKO pPACHpPO-
ctpaHeHo. K HenmocTaTtky 3Toro cnocoba cienyeT OTHECTH TO, UTO TaKO€ XpaHEHHUE orpa-
HUYEHO BBICOTOM Hackinu 3epHa (5,0...5,5 M) u, mpu OoJbIIMX 00BEMax €ro NOCTYIICHHUS,
TpeOyeT 3HAUYMUTENbHBIX IUIOIAJAEH U, CIEAOBATENIbHO, OOJBIINX KAMUTAJIOBIOXKEHUN.
Kpome Toro, 3epHO B CKJ1aJie HE MOKET OBbITh Pa3/eJIeHO Ha OT/IETIbHbIE CEKIIUU, TO3TOMY B
HEKOTOPBIX ClIydasX MNpu HEOOXOAMMOCTU MPHUOETAIOT K CKIIAJICKOMY XpaHeHuo. OaHako
€ro MPUMEHSIOT B OTPAHUYECHHBIX Pa3Mepax U B OCHOBHOM B HEOOJBIIUX CEIbCKOXO3SICT-
BEHHBIX CKJIAJIaX JJII CEMEHHOTO 3€pHA.

Haubonee nmporpeccuBHbIN CIOCOO0 XpaHEHUS 3€pHA — CUIIOCHBIM, KOTOPBINA 3aHUMa-
€T 0c000€ MECTO B 3JIEBATOPHOM MPOMBIIITIEHHOCTHU. [1o cumocomM moHUMAlOT Takoe 3ep-
HOXpaHUJIUIIE, Y KOTOPOTO BbIicOTa Oosiee ueM B 1,5 pa3a mpeBBIIAET €ro MomnepeyHbIil
pasmep. CunocHoe xpanenue obOecrneuuBaeT 100%—Hyr0 MeXaHU3AIMIO U HAUMEHBIITUH
YpOBEHbB U3JIepKeK Ha 1 T rpy30000poTa.

[lo pacnonoxeHuo 3epHOXpaHUIuIa ObIBAIOT Ha3eMHbIEC U Moj3eMHble. HazemHbie
00J1a1al0T ONpe/IeICHHBIMU MTPEUMYIIECTBAMU IO CPABHEHUIO ¢ Moa3eMHbiMU. HazemHbie
XpaHWINILA CTPOAT HA MOBEPXHOCTH 3€MJIM, YTO MO3BOJISIET N30€XKaTh MOSBICHUS TPYHTO-
BbIX BOJI. Takue XpaHWUJIUILA HE HUCHBITHIBAIOT JABJICHUS TPYHTA M 3HAYUTEIBHO IKOHO-
MuuHee. K HeIoCTarky Ha3eMHBIX XpaHWIHIL CIEAYET OTHECTH TO, YTO 3€pHOBas Macca
ObICTpee M3MEHSIET TEMIIEpATypy BCIIE]l 32 TEMIIEPATypor OKpyKarolieil cpeanl. Temmepa-
TYPHBIA PEXUM MPU MOA3EMHOM XPAHEHHH AEPKUTCS MOYTHU MOCTOSHHBIM (6...10 °C).
OpHako MOJ3€MHbIE 3€PHOXPAHUIIUIIA MOTYT OBITh MOCTPOEHBI TOIBKO B palloHaX C CyXH-
MU rpyHTamu. M3—3a 00JbII10M CTOUMOCTH UX MPUMEHSIOT PEIKO.

3epHOXpaHWINIIA MOTYT OBITh JI€PEBSIHHBIE, KAMEHHBIE, JKeJIe300€TOHHbIE, METaJl-
JUYECKHE U TUIeHYaThle (MHEBMOHAAYBHBIE U THEBMOKAPKACHBIE).

Haulomnbiiee pacnpocTpaHeHHE MPU CTPOUTEIBCTBE MONYUYUIU TaKWE MaTepHUalbl,
KaK KaMEHb U Kele300eToH. JlepeBsHHbIe 3€pHOXPaHUIIUIIA, HECMOTPSl Ha CBOU MPEUMY-
1IecTBa (Xopoliasi TUTPOCKONMYHOCTh, HU3Kas TEIUIONPOBOIHOCTh U Jp.), B HACTOSIIEE
BpEMS HE CTPOST. DTO CBA3aHO C UX OOJIBIION MOKapHO OMACHOCTHIO U JIe(OUITUTOM Aepe-
Ba KaK CTPOUTEIBLHOTO MaTepuaia.

Meramnnyeckue 3epHOXpPAHWINILA 10 NMOCJIECAHET0 BPEMEHU B HAIIEH CTpPaHE ILIW-
POKO HE MPUMEHSIINCH. ITO OOBSACHACTCS B OCHOBHOM TE€M, YTO METAJUT XOPOIIIO TTPOBOIHT
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TEIUIO W Jopor. B mocnegHue roapl Hapsily C Keae300€TOHHBIMU 3JI€BATOPAMU HAIILIU
NPUMEHEHHE MeTaJIndeckue cuiochl BMeCTUMOCTBHIO 1500..3000 T, mpu CTPOUTEILCTBE
KOTOpBIX B 1,5..2 pa3a cokpaiaercsi Cpok BBojja OOBEKTOB B AKCILTyaTanuio U B 2..3 pasza
CHUXKAETCS TPYIOEMKOCTh CTPOUTEIBHBIX PA0OT IO CPABHEHUIO C KEIE300€TOHHBIMHU.
TpeGoBanus, npeabsBiIsieMble K 3¢pHOXPAHMIHIIAM

Bce TpebGoBaHus K 3epHOXpaHUIUIIAM MOAPA3ACISIOTCS HA: TEXHOJIOTHYECKUE, KOH-
CTPYKTHUBHBIE, IKCIUTyaTallMOHHBIE U SKOHOMHUYECKHE. B mepByro ouepeap 3epHOXpaHWIH-
1€ JTOJKHO YAOBJIETBOPSITH TEXHOJIOTHYECKUM TPEOOBaHUSIM, a UMEHHO 00ECIIeunBaTh KO-
JUYECTBEHHYIO U KAUECTBEHHYIO COXPAaHHOCTh 3epHa. buoxumuueckre 0COOEHHOCTU 3€p-
HOBOM MAaccChl JOJKHBI YYUTBHIBAThCSA TMpPHU MpPUEMKE, 00pabOTKe, XpaHEHWU U OTIyCKE.
BnaxHocts, TemMneparypa 3epHa U pa3BUTHE MHUKPOOPTaHU3MOB — 3TU (aKTOPhI IEUCTBY-
10T OJJHOBpEeMeHHO. YeM OoJibliie TemmnepaTrypa, TeM aKTUBHEE MPOLIECC JIbIXaHusl U Pa3BU-
te MUKpodopsl. [lpu gOCTHXKEHUU ONMpENEeNEHHBIX MPEACIOB 3TU (PAKTOPhI BHI3BIBAIOT
CaMOCOTPEBAaHUE 3€PHOBOU MAaCCHI.

Jlnst obGecrieueHrss COXPAaHHOCTHU KayecTBa 3€pHA K CTEHAM W TOJIaM MPEAbSIBISIOT
Takue TpeOOBaHMs, KaK Majias TEIIONPOBOAHOCTh U XOPOIIasi TUTPOCKONUYHOCTh. 3€pHO-
XpaHWININA JOJKHBI UCKII0YaTh MPOHUKHOBEHUE BIard BHYTpb nomenieHus. Bo uzbexa-
HUE€ MPOHUKHOBEHUS IPYHTOBBIX BOJ U YBIAXXHEHHUS 3epHA MEXKy (DYHIAMEHTOM M CTEHOMN
MPOKJIAABIBAIOT U3OJALIMOHHBIM CIOW. 3€pHO MPU XPaHEHUU HE JIOJKHO HArpeBarbecsl U
MOJIBEpraThCsa PEe3KUM MU3MEHEHUSIM TeMIreparyphl. B 3epHOXpaHUIUIIAX AOTAKHBI UCKITIO-
4aTbCsl YCIOBUS, CIOCOOCTBYIOIIUE PA3BUTHIO BPEIUTENCH.

Pa3zMelienue OTAENbHBIX MAapPTUH 3€pHA C YYETOM KOJIWYECTBEHHO—KAaYECTBEHHOU
XapaKTEPUCTUKHU TPEOYIOT TOTO, YTOOBI B 3€PHOXPAHUIUIIAX ObUIH COOTBETCTBYIOIIUE CHU-
JIOCHI, OYHKEpa.

OuucTtka U cylika 3epHa TPEOYIOT HaJUYUs 3€PHOOUYUCTUTEILHOTO U CYIIMJIBHOTO
obopynoBanusi. CocTaB ¥ MPOU3BOAUTEIHLHOCTh TEXHOJIOTHYECKOTO 000pYI0BaHUS JOIIK-
HBI COOTBETCTBOBATH KOJIMYECTBY M Ka4E€CTBY MOCTYIAIOIIETO 3€pHA.

TeXHONOrM4YeCKUd MPOLECC B 3€PHOXPAHWIMIAX COMPOBOXKIACTCA BBIICICHUEM
nbUIH U 00pa3oBaHueM 0TX0A0B. ClieyeT mpeaycMarpuBarh acCUpalMOHHbIE YCTAaHOBKHU
U ClieliraibHble OYHKEpHI JUIsl OTXOJOB. 3€pPHOXPAHUIIUIIE JTOJDKHO OBITh MPOYHBIM, MPO-
TUBOACHCTBOBATh JABJICHUIO 3€pPHA, BETpa U pa3pyllarouieMy JEUCTBUIO aTMOC(EPHBIX
YCIOBHIA.

Oco0eHHOCTH 3€pHOBOM MacCChl KaK CHIITYYEro Marepuasga UMEIOT MOJIOXKUTEIbHbIE
Y OTPULATENIbHBIE CTOPOHBIL. 110JI0KUTEBHO TO, UTO BCE MPOLIECCHI C 36PHOM MOKHO JIETKO
MEXaHU3UPOBATh, 4 OTPULIATEIIBHO — 3€PHO MEPEAcT JaBJICHUE HE TOJIBKO HA MOJI, HO U Ha
cTeHbl. [103TOMyY HX PaCCUUTHIBAOT C YUYETOM 3TOTO JIaBJIECHUS.

3epHOXpaHWINIIA JOJKHBI UMETh XOPOUIUE MOAbE3IHBIE ITyTH U paciioyiaratb HeoOo-
XOIUMOW MOIIHOCTBIO CUJIOBOM 3JIEKTPUUECKOM MOJACTAaHUMU. B 1einoMm, 3epHOXpaHWInma
JOJIKHBI OBITh ONTUMAJIBHO SKOHOMUYHBI U OTBEYaTh TPEOOBAHUSIM OXpaHbI TpyAa, TEXHU-
K1 0€30IM1aCHOCTH, TPOU3BOACTBEHHOW CAHUTAPUU U TPpakJAaHCKON 000poHbI. Takum o0pa-
30M, 3TO HE MPOCTO XPAHWIMIIA, & CJI0KHOE IIPOU3BOICTBO, KOTOPOE HEOOXOAMMO XOPOILIO
3HaTh, YMEJIO PYKOBOAUTH U YIIPABISATH BCEM TEXHOJIOTMYECKUM ITPOLECCOM.

O01mass KOMIIOHOBKA COOPYKEHUI, BXOAALIUX B COCTAB 3JIeBATOpPa

B bonbmiom SHIUKIONEAMYECKOM CIIOBAape [IaHO CJIEAYIOUIEEe ONpeAcICHUE:
"IJIEBATOP (ot nar. elevator — nogaumatonuit). CoopykeHue i XpaHEeHUs OOJbIINX
Macc 3epHa, 000pY/I0BAaHHOE YCTPOMCTBAMU JUIsl IpUEMA, B3BEIIMBAHUS, CYIIKH, OUUCTKU
Y OTTPY3KH 3€pHa.
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X

1 — pabouas OamHs; 2 U 3 — clIIOCHBIE Kopiryca €MKOCThIO 0 5500 T; 4 — 3epHOCYIINIIKA;
5 — TenoreHepaTop CyIWIKY; 6 — CUIIOBasi MOJICTAHIINS; 7 — MOJ3EMHBIN pe3epByap s
BOJIbL; 8 — MPUEMHBIN KOJIOIELl ISl )KUJKOTO TOIUIMBA; 9 — Mo/I3eMHAasi COeIMHUTEIbHAS ra-
nepest; 10 — npuémublii ambap Ha 4 nipoesna; 11 — aBToBecHl Ipy30MOAbEMHOCTBIO 15 T;
12, 13 — capau 1j1s1 MOTOTIOMITHI (CpecTBa MoKapoTylieHus); 14 — 6aku st Boabl; 15 —
KOHTOpa U nabopartopusi; 16 — kamepsl it 0TX0A0B; 17 — morped j1s roprodero; 18 — xe-
Je3HOOpOKHBIE TyTH; 19 — yoopHast; 20 — kamepsl 17151 cOopa nbun; 21 — 3abop; 22 —
IJIOIA/IKA C TBEPABIM MOKPBHITHEM

Pucynok 15 Ilnan ydactka sneBaropa éMkocTbio 5500 T

3aroToBUTENBHBIE 3JIEBATOPhl PETMOHAIBHOIO MacliTaba OOBIYHO COOPYKAIOTCS B
palioHax, CrelMATN3UPYIOIIUXCS Ha TPOU3BOJCTBE 3epHA. VX CTpOUTENHCTBO TpeOyeT Or-
POMHBIX KalUTaJIbHBIX BJIOXKEHUW, a OHU CaMH, KaK MPaBUIIO, SBIAIOTCS YHUKAIbHBIMU
COOPYKEHMSIMU M HOCAT UMs TOTO MecTa, rae pacnoyiokeHbl (PocToBckuil snesatop,
CtaBpOnoNIbCKHUI 371€BaTOP U T. 11.).

PaifonHble 31€BaTOpbl OOBIYHO CTPOSITCA MO TUIIOBBIM MPOEKTaM U 3aHUMAIOT 3Ha-
YUTEIBHO MEHBIIYIO TEppUTOpHI0. VX pacnonaratoT 0ObIYHO BOJU3H JKEJIE3HBIX T0POT, aB-
TOMOOUJIbHBIX MarucTpajiei uiau no 6eperaM CyqoXOAHBIX PEK.

OCHOBHBIMH COOPYKEHHUSMH BCEX AJIEBATOPOB SIBISAETCS CUIIOCHBIN KOpIyc (MX MO-
XKET OBITh HECKOJIbKO) U paboyee 3/1aHKe, KOTOPOE YaCTO HA3bIBAIOT paboueil OamrHel sie-
Batopa. OHU BO3BOMSTCSL €JUHBIM OJIOKOM, MPUYEM pabouee 3JaHUE HECKOIBKO BBIIIE CH-
JocHOTO Kopmyca. Ha ataxkax pabouero 31aHusi COCpeIOTOYEHO OOJIBITUHCTBO TEXHOIOTH-
YeCKOT0 OOOpPY/IOBaHMSI U OCHOBHAs IMPOU3BOJCTBEHHAs €JUHUIIA — HOPUU (KOBILIOBHIE
aneBaTophl). VX KOIMYECTBO U MPOU3BOJUTEIBLHOCTD ONPEACISIOT OCHOBHBIE TEXHUYECKHE
IapaMeTphl BCETO 3JIEBATOPA.

B cocTaB aneBatopa Tak ke BXOIAT: BECOBOE XO35UCTBO, 3€PHOCYIIMIKU, aMmOapbl U
CKJIJIbl, TPUEMHBIE U OTIYCKHbIC YCTPOMCTBA, CHJIOBAs MOJCTAHIUS, KOHTOpa U jadopa-
Topus. HacTo B COCTaB AiI€BaTOPa BXOAUT MEJIIbHUYHBIA KOPIYC WM APYTHUE MPOU3BOJCT-
BEHHbBIC €AUMHUIIBI JJIsI BHIPAOOTKU HA MECTE FOTOBBIX XJIEOOMPOAYKTOB (MYKH, KPYIIbI, Ma-
KapOHHBIX U3JeIui, KoMOUKOopMa U T. 11.). [IpuMep miiana TeppuTopuu 3JeBaropa Mmoka3aH
Ha pucyHke 15.

[Inomane, Ha KOTOPOU PA3MECTUIINCH BCE 3IAHUS U COOPYKEHHS JAHHOTO 3JIEBATO-
pa, coctamisieT 1,3 ra, a mpu pacuupenuu sieBatopa 10 11000 T (Ha pucynke 15 mokasza-
HO MMYHKTUPOM) HeoOXoauMas IUIoNIaAb y4acTka yBenuuuBaetcs Ao 1,6 ra. Ho 3to ouenn
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KOMIIAKTHBIN 3JI€BaTOp, TaK KaK OOBIYHO 3JIE€BATOPHI TAKOM BMECTUMOCTH 3aHUMAIOT OKOJIO
4 ra.

JIro0oii sneBaTop B 00s13aTEIHLHOM MOPSIAKE OCHAIAETCS MPOTUBOMIOXKAPHBIMU CPEJI-
CTBaMU W PE3EPBYapaMU C 3alacoM BOJbI Ha ciiy4al rnoxapa. Ha pucynke 15 umeercs nsa
MOA3EMHBIX PE3EpByapa C 3amacoM BOABI U JIBE MOTOIOMIIbI, YCTAHOBJICHHBIE B YTEIUIEH-
HBIX ITOMEIIECHUAX OKOJIO KaXXIoro pesepyapa. [Ipu€mMHBIN muUIaHr Bcerga COEIUHEH C
TUAPAHTOM, IMOTOMY MOTOIOMIIBI BCET/Ia TOTOBBI K pabote. B Hacrtosiiee Bpems npume-
HSAIOTCS] 3HAUUTENIBHO 00JIee CII0KHBIE CUCTEMBI IPOTUBOIOKAPHON aBTOMATHKH.
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Jlexkusa Ne 6

5.2 I(oucmpquuu CUJIOCHbBLX KOpnycoe Jjieeamopos

Cuiiocel o cBoiicTBaM, (popMe U KOHCTPYKIIUM CBOUX CTE€H, MOJia U MEPEKPHITUS
JIOJKHBI  YTOBJIETBOPATH OOJBIIOMY KOJIWUYECTBY pazHOoOpas3HbIX ycioBuil. [lomHocThiO
BCEM 3THUM YCJIOBHUSM HE YIOBIETBOPSIET HU OJMH U3 U3BECTHBIX CTPOUTEIBHBIX MaTepua-
JI0OB, HO HauboJee MOAXOASIIINM Ha MPAKTUKE OKa3aJics Kele300eToOH. boabIIuHCTBO Aie-
BaTOPOB BO BCEM MHUpPE, CKOJIbKO—HUOYIb 3HAYUTEIbHBIE TI0O CBOEH €MKOCTU U POJIU B Op-
raHu3aiuu xjie00000poTa, BO3ZBOAATCS U3 Keae300eToHa.

OcHOBHOI cntoco0 BO3BEACHUSI CHIIOCHBIX KOPIIYCOB B HACTOSAIIEE BPEMS — CKOJIb-
3smias onanyoka. COOpHBIE kKelne300€TOHHbIE KOHCTPYKIHMHM MPUMEHSIOTCS TOJBKO MpU
CTPOUTENILCTBE HEOOJBIINX CUIIOCHBIX KOPITYCOB MPOU3BOJCTBEHHOTO HA3HAYEHUS.

CymHoCTh METO/Ia CKOJB3AIIeH onanyOku cocTouT B cienyromeMm. @opma codbupa-
€TCA Ha OTAEJIbHOW POBHOM IUIolIajKke. B momepedyHoM ceyeHur oHa MOBTOpsieT (popMmy
CTEHKH CUJIOCa, a BhICOTa 00BIYHO HEe mpeBbimiaeT 1,2 M. Cobpannas gopma ycTaHaBIMBa-
€TCA Ha MOArOTOBJICHHOE MOACUIIOCHOE MEPEKPBITHE, TNI€ YKE CMOHTHPOBAHA YacTh apMa-
Typbl cTeH cunoca. [lonoxenue dhopmbl TouHO BhIBepsieTcsa. [lo e€ mepumerpy, Ha pac-
cTtosauu 1,5...2,5 M OJluH OT JpYyroro, yCTaHABIMBAIOT JOMKpAThl U 3aJUBAIOT GopmMy Oe-
TOHOM. Yepe3 HEKOTOpOe BpeMsi, KOTOPOE MEHbBIIIE BPEMEHU CXBaTbIBaHUSI OETOHA, JOM-
KpaThl OpUBOIAT B jAeiicTBue. Jlanee mpouecc nmoabémMa onaiyOKu OCYIIECTBISETCS He-
MPEPBIBHO €O CKOPOCTHIO 1...3 M B cyTku. O4eHb BaKHO, YTOOBI BCE MPOIICCCHI: HapaI-
BaHHE apMaTyphl CTEH, pABHOMEpHAsl MOCTyNaTeIbHas CKOPOCTh MEepEMEILCHHs OnanyOKH,
noJiTuBKa OeToHa B omaiayOKy, 3ajiejKa HEe3HAYUTENIbHBIX Je(EeKTOB OETOHA MPU BBIXOE
W3—T10/1 ONaidyOKH, MPOUCXOJUIN PUTMHUYHO U 0€3 OCTAaHOBOK JHEM M HOUBIO BILIOTH 10
caMoro Bepxa cuiioca. Jlanee onanyOka mepecTaBliieTCsl Ha CJIEIYIOMINN CUIIOC U MPOLECC
MTOBTOPSIETCS.

[IpuBeéM HECKOIBKO MPUMEPOB CKOPOCTU CTPOUTENBCTBA 3JIEBATOPOB (K CoXxaje-
Huto, B CIIIA u Kanaze), rae npuMeHssics MeToj| CKoib3sieit onanyoku. OT ce0s MOKHO
3aMETUTh, YTO MO HACTOAIIEMY OLEHUTh HE TOJIBLKO OBICTPOTY CTPOUTENIHCTBA, HO U Opra-
HU3AIMI0 MOHTa)Ka, HaJlaJJKU 000pyAOBaHUs, MOXKET TOJIBKO TOT, KTO CBOUMH IJIa3aMU BU-
JieN, KaK aHaJOTW4YHbIe padOThl MPOBOAMINCH Ha "ymapHbIX" cTpoilkax ObiBiiero CoBer-
cxoro Coro3a.

1. OneBarop B Oyen—Coynae (Ontapuo, Kanama). Emxocts 27 000 T. 3emisinbie pabOThI
Havatel 13 anpens 1925 1. [lepBas maptus 3epHa npuHSTa Ha 37€eBaTtop 13 HOSAOPS TOrO Ke
roza.

2. DneBarop Canta—®e B Kanzac—Curu. [Ipousseneno pacmmpenue Ha 108 000 T. [Joro-
BOp Ha paboTkl ObLT oAnKcaH 8 anpens 1929r., a 15 utons Toro xe rona Bce padoThl ObLIN
3aKOHYEHBI U HA4aJICs MPUEM 3€epHA.

3. Onesarop B Abunene (Kaunzac, CIIIA). IIpousBenaeno pacmmupenue cuiocoB Ha 6 900 T.
betonupoBanue 0b10 Hauato 6 utonsg 1929 r., 29 urons ObUT 3aKOHYEH KOPIYC U HEME/I-
JIEHHO MOCTAaBJIEHBI IHEKH, MOAAIoIMe U youparomue 3epHo, a 30 hronsi Hayara SKCIulya-
Talusl.

4. Dnearop B Amapuibo (Texac, CIIIA) émkocthio 54 000 T. PaboThl Havyarel 2 mMapTa
1934 r., 11 urons ObUI NPUHAT MEPBBIN BaroH 3epHa, a K CEpeIMHE UIOJIS AJIeBaTOp ObLT yiKe
MTOJIHOCTBIO 3arPy KEH.

®opmMma Kke1e300eTOHHBIX CHJI0COB. JKene300eTOHHBIE CUIIOCKI MOTYT OBITH BEChbMa pa3-
HOOOpa3HbI 1O GopMe — MPSMOYTOIbHBIC, B BHJIE TPABMWIHHBIX MHOTOYTOJIBHHUKOB (0CO-
32



OCHHO IIECTH U BOCBMHUYTOJIILHUKOB), KPYIJIble UM BOOOINE B BUJIE€ KaKOW—IMOO 3aMKHY-
Toil (purypsl. OTAEIBHO CTOAIIME CUJIOCHI UCHOJIB3YIOTCS PEJIKO, OOBIYHO OHU OBIBAIOT B
BHJI€ TOTO WJIM UHOTO COYETaHUS APYT C APYyroM (pUCyHOK 16).

Cuinocsl - 3BE31049KH

C 11T )

( )

1) 3)
a — NnpsAMOyroJjibHasi, 6 — BOCBMUYTOJIbHAsA; 6 — IICCTUYTOJIbHASA; 2 — KpyIJias, psAJ10BOC pac-
IIOJTOXKECHHUE CHUIIOCOB, 0 — KpyIiias ¢ BOTHYTBIMH WJIW BBIITYKIJIBIMHA JyT'aMU IICPUMETPOBBIX
CTCH, € — KpyIUiasd, IaxMaTHOC PaCIIOJIOKCHUC CHIIOCORB; JfC — KpyTJias C MIPpAMOYTI'OJIbHbIMHU
BCTaBKaMU; 3 — IIPAMOYTOJIbHAs C HAPYKHBIMH BBIITYKIIBIMU CTCHAMUA

Pucynok 16 @opMBI CUIIOCHBIX CETOK

[IpsiMoyTronbHBIE KENIe300€TOHHBIE CUJIOCHI MPUMEHSIIOTCS CPaBHUTEIBHO PEJKO;
IECTUYTOJIbHBIE 1 BOCBMHUYTOJbHBIE TOCTEIIEHHO MOYTH COBEPIIECHHO BBIIUIA U3 MPAKTHU-
KU COBPEMEHHOT'O CTPOUTEIHCTBA.

B nacTosiiee BpemMsi BO BCEM MHUpE MPUMEHSIOTCS ITIABHBIM 00pa3oM KPYIJIbIE CUIIO-

Chl, HEPEJIKO B TOM WM JAPYIOM COYETAaHUU C CHIIOCAMHU, OOpa30BAaHHBIMU C MOMOIIBIO
MPSIMOJIMHENHBIX BCTABOK.
Cetka cuiocoB. B Henanékom nponuioM Hambolsiee OOBIYHBIM OBLUIO PSAJIOBOE WM IaX-
MaTHOE PaCIONIOXKEHUE CUI0COB (cM. pucyHOK 16). ITo 3arparam marepuanoB (6eToHa U
xKese3a) 00e I3TH CXeMbl TPUOIM3UTEIBLHO PABHOLICHHBI, TOJNIBKO MPU MPUMEHEHUHU BBITYK-
JBIX AYT NI OTPAHUYEHUS HAPYKHBIX MPOMEKYTOUHBIX CUIOCOB (PUCYHOK 16, 0) max-
MaTHOE PacCIOIOKEHUE MOJIy4aeT HEKOTOPOE MPEUMYIIECTBO.

[lepexon k GoJiee CIOKHBIM CETKAM JUKTYETCS IJIaBHBIM 0Opa3oM HE SKOHOMHYE-
CKHMHU, a IKCIUTyaTal[dAOHHBIMU COOOpaxeHUsIMHU. PaccTaBiisisi KpyIiible CUIOCHI HA T€ WIH
JIPYTUE PacCTOSIHUSL IPYT OT Jpyra, MPUMEHSIA TO WJIU JIPYroe JOMOJHUTEIBHOE JIeJICHHUE
MPOMEXKYTOUHBIX CUJIOCOB BHYTPEHHUMU CTE€HAMU, MOKHO JIOOUTHCSI CUIIOCOB Pa3IMYHBIX
E€MKOCTel, TpeOOBaHUS HAa KOTOPHIE MOTYT ObITh IPEABSIBICHBI YCIOBUSIMU HKCILTyaTallUU.

BaxxubIM SBIIsIETCA BOMPOC O KOJTUYECTBE PAJIOB B CHIIOCHOM Kopityce. [Ipu coopy-
KEHUU Kopnyca B 1...2 psija B HOJCUIOCHOM MOMEIIEHUH MOKHO pacroyiaratb BCEro OJuH
TPAHCIOPTEP, HO B 3TOM CJIy4yae MPHU JIOCTATOYHO OOJIBIION BBICOTE CHIIOCOB TPYIHO o0ec-
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MEYUTh €T0 YCTOMYMBOCTh. Kpome Toro, ero ajinHa MOXET OKa3aThCsl CIUIIKOM OOJIBIION.
Hcxons u3 3Tux cooOpaxeHui, B HaCcTOSIIEE BPEMs YUCIIO PSIIOB CUJIOCOB BRIOMPAIOT HE
MeHee 3...4.

[IpocTpaHCTBO MEXAY MPUMBIKAIOIIUMU APYT K IPYTy CHIOCAMH B CUJIOCHOM KOP-
Myce MCIOJIb3YEeTCSl B KAUeCTBE OMEPATHUBHBIX OyHKEpPOB. OHU HOCST HA3BaHUE CUIOCHI—
36¢300uku. 1o cpaBHEHUIO ¢ OOBIYHBIMU UX EMKOCTH HeBesnka. Ha aneBarope Bcerna ecthb
MOTPEOHOCTH B OOJIBIIIOM KOJTMYECTBE HEOONIBIINX 00BEMOB, KyJla MOXKHO ObLIO OBbI 3arpy-
KaTh pa3IMYHbIC TAPTUU 3€pHA HA BpPEMEHHOE XpaHEHUE ellé /10 ero o0paboTku nepen 3a-
4,00 KJIaJIKOM Ha XpaHCHUE.
<> Pa3mepsl cuiiocoB. B OONBIIMHCTBE CIy4aeB C TOYKHU
; 3peHHUs HKCIUTyaTalluu SIBISIOTCS 0oJiee yOOHBIMU MEJIKUE
CUJIOCHL. DKOHOMHYECKHE COOOpaKEHUsI CBOASTCA K TOMY,
YTOOBl CTOMMOCTH COOPYKEHHUSI ObllIa BO3MOXHO Ooiiee
HU3KOM. TeopeTnuecku NOMMKEH CyleCTBOBATh HEKOTOPBIN
ONPENEIEHHBIN MPEJE, MOCIe KOTOPOTO HU YBEJINYUBATD,
5,85 5,85 HU YMEHBIIATh CHJIOCHI HET OCHOBAHUM C TOYKH 3PEHUS UX
ctoumocTu. HekoTtopeie wucciieioBaHusi B 3TOM 0oOJacTu
MPUBENH K 3aKIFOYEHUIO, YTO CTOMMOCTD €MHHIIBI MOJIE3-
HOW EMKOCTH CHJIOCOB YMEHBIIAETCSA C YBEJIMYEHUEM JHA-
MeTpa 10 7...8 M. B manpHEHeM CTOUMOCTh CHIIOCOB OC-
Ta€TCsl MOYTU MOCTOAHHOMW. [l0 JaHHBIM aMEpPUKaHCKOTO
uccnenonareins JI.I. Mepcepepa Hanbosee 3KOHOMUYHBIMU
KEJIE300€TOHHBIMU CUJIOCAMHU SIBIISIOTCSA KPYIVIble JUAMET-
poM 5,7...6,8 M u 0kos10 27 M BBICOTHI. B Hacrosiee BpeMst
TUMOBBIM JTUAMETPOM CHIIOCOB IIPUHSAT 6 M.

[IpenenbHass BbICOTA CHIIOCOB OIPEAEHSACTCS Ipe-
JETBHON CIOCOOHOCTBIO TPYHTa BBIACPKHUBATH OIpeEle-
JEHHOE NaBieHHe. B HacTodllee BpeMsi KpyIIble CHIIOCHI
cTpositcst BbicoTOM 25...35 M. IIpu 3THX pazMepax MOKHO
00XOIUTHCSI HEMOCPE/ICTBEHHOW Mepenayell AaBieHUs Ha
IPYHT CpEHEro KauecTBa 0e3 MPUMEHEHUsI UICKYCCTBEHHO-
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Pucynoxk 17 Koncrpykuus
JTHUILA CUJIOCA HA YPOBHE
3eMJIn
(aneBarop Ha ct. [{enuna)

IO OCHOBAHHSI.
KoncTpykuuu JHMIN KPYIIBIX CHJIOCOB. B mpocTteliniem ciydae BbITYCKHAs BOPOHKA
JTHUIA MOHTUPYETCSI B BUJIe OETOHHOU IUIMTHI C BBITYCKHBIM OTBEPCTHEM HA YPOBHE HY-
JeBOM OTMETKH. [IpOCTpaHCTBO mOI AHUWILEM 3aroNHSAETCsS TpyHTOM. sl pasmMereHus
MOJICUJIOCHOTO TPAHCIOPTEPA YCTPAUBAETCS KEJI€300€TOHHBIN TOHHEIb, KaK MOKa3aHO Ha
pucyHke 17. Takue nmoaCUIOCHBIE TOMEIIEHUS TPOCTHI IO KOHCTPYKILHH, HO B DKCILTyara-
MU HEYJOOHBI — B HUX OTCYTCTBYET €CTECTBEHHBIN CBET U OOJBIINE TPYAHOCTH BBI3BIBAET
YCTPOMCTBO BEHTUWJISILIAM.

Jlyutme pe3ynbTaThl MOTYT OBITh IOCTUTHYTHI, €CJIM BBIITYCKHbIE BOPOHKHU MOJTHSATH
Ha TaKyl0 BBICOTY, YTOOBI MO HUMH OOPa30BaJIOCh MOACWIOCHOE MOMEIICHHUE, yI00HOE
JUIsl YCTAaHOBKM HUKHHMX TPAHCIOPTEPOB, C YUETOM yIvla HAKJIOHA CaMOTEYHBIX TpyO He
MeHee 36° K TOpU30HTY. B 3TOM cilyyae NpUMEHSIOTCS CTAJIbHBIE KOHUYECKHUE WIIM KEJe-
300€TOHHbIE BOPOHKHU. [IprmMep Takoro mojICHIOCHOTO MOMEIICHHS MOKa3aH Ha MpUMeEpe
XepcoHckoro 35eBaTopa (puc.18). CuiiocHsbIN KOpIyc uMeeT 6 psioB cuiiocoB. [[nuHa cu-
J0CHOrO Kopiyca cocrasisieT 60 M. Cuiaochl ONUPAIOTCA Ha IUIUTY, KOTOpas B CBOKO OYe-
penb MOKOUTCS Ha KoMoHHAX. CHU3Y KOJIOHHBI OMUPAIOTCA Ha QyHIAMEHTHYIO IUTUTY. 3a-
MOJIMIIO C HApPYKHBIMU KOJIOHHAMH YCTPAHWBAETCSI CTEHA C OKHAMM, KOTOpas OTrpaKaacT
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noasaj. B moacHIOCHOM MOMENIEHUWH YCTAaHOBIIEHO YETHIPE JICHTOYHBIX TPAHCHOPTEpA,
IIPY TTOMOIIY KOTOPBIX OCYLIECTBISIETCS pa3rpy3ka cuiiocoB. Ha TpancmopTépsl 3epHO U3
CUJIOCOB MOJAETCA CAMOTEKAMMU.

/ 1
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% ///////////////'

1 — cunockl; 2 — KOJIOHHBI; 3 — IJIWTA MOACUIOCHOTO NEPEKPHITHUS; 4 — QyHIaMEHTHAs
IuTa; 5 — 3a0yTOBKA CUIIOCHBIX BOPOHOK; 6 — TpaHCHOPTEPHI; 7 — CAMOTEKHU

Pucynok 18 IloncunocHoe nomenieHne XepCOHCKOTo 3JieBaTopa
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Pucynok 19 MuoromnponérHasi HaJicuiocHas rajepest (JICHUHTPaJICKui »y1eBaTop)

Hancuiocnoe nomemenne. Hancunocnoe nomMenienue (WiM HaJCUIIOCHAs rajiepesi) npu
KEJIe300€TOHHBIX CHJIOCaX UMEET BHJ, MOKa3aHHBIN Ha pucyHke 19. IlepexkpriTre nenaet-
Csl TIO KEJIEe300€TOHHBIM paMaM OJHOIPOJIETHBIM WM MHOTOMPOJETHBIM B 3aBUCUMOCTH
OT WIMPUHBI CUJIIOCHOTO Kopryca. B OOJbIIMHCTBE cllydaeB HAJCUIIOCHOE MOMEIICHUE 3a-
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HUMAET IIUPUHY TPUMEPHO TOIBKO JI0 CEPEIUHBI KpallHUX CUJIOCOB, KOTOPbIE UMEIOT Ca-
MOCTOSITEIbHOE TMEepeKpbIThe. B cTeHax nenaercst OOJbIIOE KOJIUYECTBO OKOH C MEperié-
TaMH, OTKPBIBAIOIIUMUCS HAPYXKY B LESAX MOHUKEHUS OMACHOCTH Pa3pylICHUs 3/1aHUS B
CJIyyae BOSHUKHOBEHUS B3phIBA.

B »TOM momenienuu ycraHaBiauBaeTcs 000pyaoBaHHe (OOBIYHO JIEHTOUHbBIE TPaHC-
NOpTEPHI) I pacnpeieNIieHUs 3epHa, MOJHUMAEMOTO HOPUSIMU IO CUIIOCAM.
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5.3 Pabouee 30anue sneeamopa (paoouas 6awins)

o

21500
25700

X
K
I

AR N

—_— =5

Pucynox 20 I[IpononpHblid pa3pes 3seBaTopa EMKOCTBIO 5500 T

V4

Pucynok 21 Ilonepeunslii pa3zpes 1o
OalllHe ¥ 36pHOOYUCTUTEIBLHOMY OT/E-

Pabouee 31anue 3neBaTtopa, Kak MpaBUio,

MIPUMBIKAET K CUJIOCHOMY KOPITYCY U UMEET HE-
CKOJIBKO OOJIBIIIYIO BBICOTY, YEM CHJIOCHBIM KOp-
MyC. 371eCh, B CHEHHAIbHBIX IIAXTAaX, YCTAHAB-
JIMBAIOTCS OCHOBHBIE HOPHMH, a Ha dTaxXax pas-
MEIIEHO NPAKTHYECKH BCE TEXHOJIOTUYECKOE
000OpynoBaHUE 3JEBATOPA, 32 UCKIIOUCHUEM 3€p-
HOCYLIMJIOK M YCTPOMCTB MpuU€Ma MU OTIIyCKa
3epHa. [IpuMep KOMIOHOBKU paboyero 37aHus U
CUJIOCHOTO KOpITyca Moka3aH Ha pucyHke 20. Ha
pucyHke 21 TmoOKa3zaH MOINEpPEYHBId pa3pe3 Mo
OaliHe W 3€pPHOOUYUCTUTEIILHOMY OTICICHUIO, a
Ha pUCYHKE 22 IJIaHbl dTa)xeil OalllHU TOTO Ke
3JEeBaTOPA.
DneBatop, MNPEACTABICHHBIM HAa  PUCYHKax
20...22 uMeeT BBICOTY CHJIOCHOrO Kopmyca 25,7
M, a pabodeii 6amnuu 37,5 M. EMKoCTh B TOHHAX
pacrpeaesieTcs cleIyomuM 00pa3oM:

42 criioca UTSE XPAHCHUS 3€PHA......cceeeeeeneirrrrereeeeeeaaeeeaseensnnnnsnnssenees 4829;
14 GyHKEpOB JJIs1 OTIYCKA HA JKETE3HYIO JOPOTY...cuevreeeeerreeeannneeeannn. 284;
2 OyHKepa JUIsl OTITYCKA HA ABTOMOOMIIH. ....ceeeeuuerieeeieieeeneeeeenneaeeannns 40;
OyHKEpa U CHJIOCHI PA0OUCH OAIITHM . ....eeeereerivreeeeeeiiiiieeeesiiiiieeeaanns 375;
HTOrO:.. ettt 5528 = 5500
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Pucynok 22 ITnansl aTaxeil padoyeil OalHu 3eBatopa
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5.4 Texnonozuueckue cxemot Jjteeamopoe

DneBaTop — 3TO MOJHOCTHI) MEXaHU3UPOBAHHOE 3€PHOXPAHUIIUILE, NPEeIHA3HAUYCH-
HOE JIJISl XpaHEHUs 3€pHA U BBIMOJHEHUS] ¢ HUM HEOOXOJUMBIX omepanuii. B otnuuue ot
CKJIaJIOB CO CTAI[MOHAPHON MeXaHU3allMel 3ieBaTop 00agaeT O0NbIIe KOMIIAKTHOCTHIO.
B nanHOM ciyyae BMECTUMOCTB 3€pHOXpaHMIMIIA Ha | M° [JTOMIAH PE3KO BO3PACTaeT (HO
BMECTUMOCTbD YIOPOXKAETCs). B TUMIOBBIX 3€pHOBBIX CKJIaiax HA 1 T BMECTUMOCTH MPUXO-
autes 2,5...3,0 M MOMENIEHUS, a B aneBaropax — 1,5...1,7 M.

Baxnas otnuuutenbHas 0COOEHHOCTD 3J€BATOPOB OT JAPYTUX MPOMBIIIIEHHBIX CO-
OPYKEHHI — 3TO TECHas CBA3b MEXIY CTPOUTEIbHBIMU KOHCTPYKIIUSIMU U TPAHCIIOPTHBIM,
a TaK)K€ TEXHOJIOTMYECKUM 00opynoBaHueM. KomnuecTBo U MpOU3BOAUTEIBHOCTE 000pY-
JIOBaHUS MPSMO 3aBUCUT OT BEJIMUKMHBI, KOJTUYECTBA U YCTPOICTBA CHIIOCOB, MaTepuaa, u3
KOTOPOT'O OHH U3TOTOBIIEHBI, U PACIIOIOKEHUS HA MUIOMIAIKE.

OnbIT MOCTENEHHOTO PA3BUTHUSA 3JIEBATOPOB PA3HOTO HA3HAYEHUS MOKA3BIBAET, YTO
MOJl 3TUM TEPMHUHOM B IIMPOKOM CMBICIIE CIIEIYyeT MOHUMATh LEbIii KOMIUIEKC 3/JaHUi U
COOPYKEHHM, KaxXJ0€ U3 KOTOPBIX BBIMOJHSET onpeneiacHubie GyHkiuu. B menom snesa-
TOp MOXKHO PacCMATpPUBATh KaK KOMIUJIEKCHOE OOBEAMHEHHUE CIEIYIOUUX OCHOBHBIX YCT-
POVICTB U COOPY>KCHUU:

1) paGouee 31aHUE C TEXHOIOTUUECKUM U TPAHCTIOPTHBIM 00OpPYAOBAaHUEM;

2) CWJIOCHBIN KOPIYC C TPAHCHOPTHBIM U JIPYTUM O000PYIOBAHUEM;

3) yCTpOICTBO AJisl HPUEMKH 3€pHa U3 aBTOMOOUJIEH, BATOHOB U CYIIOB;

4) ycTpoicTBa 711 OTIYCKA 3€pHA Ha pa3IMuHbIe BUbI TPAHCIIOPTA U 3epHOIIepepada-
THIBAIOIINE TPEINPUATHS;

5) KOMILIEKC CYIIKU 3€pHAa;

6) 11eX OTXO/IOB;

7) cUCTEMBI acTIMpallii U YJaJIeHUsI MbLIH.

DOneBatop OyneT paboTarh Kak €IWHBIM MTPOU3BOJACTBEHHBIN KOMIUIEKC TOJBKO B TOM

ClIy4ae, €CJIM BC€ YKa3aHHbIE BBIIIE YCTPOUCTBA U COOPYKEHUSI OyAyT TapMOHUYHO CBsI3a-
HbI ¥ JOMOJIHATH APYT ApPyra IpHU BHIOJHEHUU TEXHOJOTMYECKHX U TPAHCHOPTHBIX OIe-
paumii. s Kaxka0u onepanyy XapakTepHA ONpeIesIeHHAas MOCIEA0BATEIbHOCTD MepeMe-
HIECHUS 3€pHA Yepe3 CUIIOCHI, OyHKEPhl U 00OPYNOBaHUE, KOTOPAs BO MHOTOM 3aBUCUT OT
MPUHIUIHATBHON CXeMbI IPUEMKH U TIOCIEYOOpOUHOM 00pabOoTKH 3epHA.
IIpuHIUNBI MOCTPOEHUS TEXHOJOTHYECKUX cXeM. TeXHOIOrHYECKYI0 CXeMY JBUKECHHUS
3€pHA Ha 3JIEBaTOPE CTPOSIT HA OCHOBE MPUHIUMINIUAIbHONU. Tak Kak Bce onepanuu, CBA3aH-
HBIE C NIEPEMEIICHUEM 3€PHA Ha AJIEBATOPE, BCEIrNAa MPOXOIAT C MCMOJb30BAHUEM HOPH,
TO YHCJIO BBHITIOJIHSIEMBIX OJTHOBPEMEHHO ONE€paliii He MOXET MPEBBIIIATh YUCIIA HOPUH.
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Pucynok 23 TexHomoruueckas cxeMa npOCTEUIIIETO JIEBATOPA

TexXHOIOrHYeCKyI0 CXeMy 3JieBaTopa CTPOST MO MPUHIIMIY MOCIeA0BaTeIbHOU 00-
paboOTKU 3epHAa B MOTOKE OT MOMEHTAa €ro MPUEMKH M JI0 3arpy3ku Ha XpaHeHue. Eciu
MPOU3BOAUTEIBLHOCTh TEXHOJOTHUECKUX MAIUH HUXKE MPOU3BOAUTEIBHOCTH TPAHCIOPT-
HOTO 000OPYIOBaHMS, TO MAlIMHBI OOOPYAYIOT ONEPATUBHBIMU OyHKEpAaMH /10 U MOCJE €ro
oOpaboTku. bnaronmapsi 3Tomy oOecreunBaeTcsi HEMPEPHIBHOCTh MOTOKA MpPU 00padboTKe
3epHa. OnepaTuBHbIe OYHKEpHI 0053aTENbHBI TAKXKE B TE€X CIydasX, Koraa kodh@uimeHt
WCIIOJIb30BaHUs YCTPOMCTB U3MEHSIETCS 10 BpEMEHU (HapuUMep, IpUeMKa 3epHa ¢ BOIHO-
ro TpaHcmnopTa). B cxeme qBUKEHMS 3epHA Ha 3J€BATOPE JIOHKEH OBITh MIPEAYCMOTPEH KO-
JUYECTBEHHBIN U KAYECTBEHHBIN yUET 3€pHa U MPOAYKTOB €ro nepepaboTku. ITO NOCTHUra-
€TCsl BKJIIOUCHHEM B CXEMY BECOB U YCTPOMCTBOM MecT OTOOpa mpod 3epHa sl moclie-
ayromero ero ananusa. Ha pucyHke 23 mpuBeAeHa TEXHOJOTHYECKAash CXEMa 3JIeBaTopa,
MOKa3aHHOTro Ha pucyHke 20.
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CxeMy JIBHKEHUS 3€pHA M300paKarOT TaK, YTOOBl PAOOTHUKU MOTIIH OBICTPO U O€3-
OIMMOOYHO COCTABISITH MO HEW HEOOXOAMMBIE MapIIPyThl MEpEeMEIICHHs 3epHa (MHEMO-
cxeMa). /IBmkeHue 3epHa 0003HAYAIOT KUPHBIMU JTUHUSMH, OTXOJOB, MbUIM U BO3AyXa —
MyHKTUPHBIMUA U TOHKUMHU. TOUKa Ha CXeMe O3HA4aeT, YTO OTCI0Aa HAYMHAETCS JIBHXKCHUE
3€pHa, a CTPEeJIKa — KOHYAETCH.

BBuny Hamuuusa Ha 35eBarope OOJIBIIOrO KOJUYECTBA OJHOMMEHHBIX MAIlUH MpH-
MEHSIIOT COOTBETCTBYIOIIYIO HYMEpalUIO WU MPUCBAUBAIOT UM KaKue—Iubo apyrue 00o-
3HaueHusi. OOBIYHO MOPSAIKOBYI0 HYMEpAIUIO MCIONB3YIOT JUIsi 0003HAYEHUSI MPUEMHBIX
OyHKEpOB, KOHBEEpOB, HOPUI, BECOB, CEMAPATOPOB, 3EPHOCYIIHIIOK, a TAKXKE HaJl— U TOJI-
cemnapaTopHbix OyHkepoB. Ecnm ke yucio
OJTHOMMEHHBIX €JIMHUIl 3HAYUTEIBHO, a ca-
MU OHU OJIM3KO PACIOIOKEHBI APYT OT JAPY-
ra, To B 3TOM ClIy4yae Lelecoo0pa3Ho Mpu-
MEHSTh KOJIOBYIO HyMepauuio. Tak, Ha-
puMep, CUIOCHl 0003HAYAIOT KOJJOBOM HY-
|='E| Mepaluei, MpuYeM YHCIIO COTEH MOKa3bl-

: O )
| h Sepro i seprosas evecy BACT HOMEP CHIIOCHOTO KOpIIyCa, iCio Ae

—
T CATKOB — PAJl CUJIOCA, & YHUCIO EOUHHI] —
MOPSAIKOBBIM HOMEDP CUJIOCA.
ITocKONBKY, LETWKOM TEXHOJIOTrH4e-
1 — TsoKEnbIe OTXOMIBI; 2 — IPOXOJ HOACEBHBIX  cgas cxema BOCIPUHUMAETCS C OOJNBIIUMU
CHT; 3 — CXOJI C COPTUPOBOYHBIX CUT; 4 — OTXO- TPYIHOCTAMH, HHOTAA U3 HES BBIACISIOT
ABL; 5 — IIUIb OT LHMKJIOHOB; 6 — OTXOMbI IIOCIIE OTJZIEJIbHBIE MPOLECCHI U NTOKA3bIBAIOT B BU-
OBCIOIOOTOOPOYHBIX MAIINH; 7 — TPUEPHI
ne (parMEeHTOB TEXHOJOTHYECKUX IEeMo-
Pucynok 24 IIpunnunuansHas cxema oOpa-
yek. Hampumep, Ha pucynke 24 mnokaszaH

OOTKH OTXOJI0B
(dbparmMeHT JTMHUU 00pabOTKHU OTXOJIOB.

%

7

5.5 Pazmewenue mpancnopmmuo2o u mexHoi02uiecko2o 000pyoosanus

Hopus (koBuIoBbIil 3j1eBaTop). OCHOBHASI TPAHCIIOPTHASI MAIlUHA, KOTOPasi ONMPEIEIISIET
THUIl ¥ MOILHOCTH pabouero 3/anus 3ieBaTopa. Ha coBpeMeHHBIX 3lieBaTOpax HOPUU B pa-
004eM 31aHNM 00ECTICUMBAIOT BBIMOJHEHUE PA3TUYHBIX ONEpaluii, 4TO MO3BOJISIET PACCUu-
TaTh UX MO CYMMapHOMY CYTOYHOMY OOBEMY pabOT. DieBaTopbl C B3aUMO3aMEHSIEMbIMU
HOPUSIMU TIPOILE B 3KCIUTyaTalldd U TPEOYIOT MeHbIle 00CIyKUBaIOIIero nepconana. B
HACTOSIIEE BPEMsI Ha 3JIEBATOPAX YCTAHABIMUBAKOTCS HOPUU MPOU3BOAMTENBLHOCTHIO 100,
175, 350 1/4. Hopun npousBogutenbHocThio 100, 175 T/4, kak mpaBWiIO, pacrojiararoT
BJI0JIb pa0bouero 3aHus ¢ MOBOPOTOM MOTOKA 3epHa Ha yroa 90°, a mpou3BOAUTEIBLHOCTHIO
350, 500 1/4 — nonepé€k paboyero 37aHUs B crielMaIbHbIX maxTax. [Ipumep ucnonb3osa-
HUSI HOpH TTOKAa3aH Ha PUCYHKE 25.
Becbl. X ycTaHaBnuBalOT B BEpXHEl yacTu pabouero 3aaHus (IpU OIHOCTYIEHYATOMN
CX€Me€), B LICHTPAJIbHOW WM HIKHEH (Ipu MHOrocTyneH4aroi cxeme). Ha aneBatopax yc-
TAHABJIMBAIOT KaK KOBILIOBbIE, TAK U aBTOMAaTHYECKHE BEChbl. T€M U JPYTUM CBOMCTBEHHBI
npeuMyniecTBa U HeAocTaTKu. KoBIIOBBIE Bechbl NAlOT OOJee TOUHBIE IMOKAa3aHWs MPU
B3BCIIMBAHUU 3€pHA, KOA(PPUIUEHT UCIOIB30BaAHUSI HOPUM B ATOM Ciydae OYIEeT BBILIE.
Kak HeocTaToK KOBIIOBBIX BECOB CJIEAYET OTMETUTh TO, YTO OHM CJIOKHBI B KCILTyaTa-
11U, TPEOYIOT OONBIION IIIOMIAAN U BHICOTHI TOMEIICHUS.

ABTOMaTHYECKHE BeChl YIOOHBI U MPOCTHI B AKCILTyaTalluy, 3aHUMAIOT HEOOIbIION
00BEM TIOMEIIEHUS U MPAKTUYCCKH TTOJIHOCTHIO UCKITIOYAIOT OOCTYKUBAIOIIUNA TTEPCOHAT.
K HemoctaTkam ciemyeT OTHECTH TO, YTO OHHM CHIDKAIOT KOA(P(OUIIMEHT HCIIONh30BAHUS
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HOpPH1, 0COOCHHO MPU NEepeMEIICHUHN HEOOIbIINX NapTUil 3epHa, U HEHAJIeKHBI B padoTe.
JI7ist HenmpephIBHOM M YCTOMYMBOM pabOTHl BECOB MPEIyCMaTPUBAIOT HAJ— U MOIBECOBbBIC

OyHKEDBI.
-
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a — CTyIeHYaThIi MOABEM 3epHa; O — MHOTOCTYIIEHYATHIN MOABEM 3epHa; | — mpuémHbIil OyHKeD;
2 — npuéMHbIN TpaHCHOPTEP; 3 — HOpUs (OCHOBHAsA); 4 — KOBILIOBBIE BECHI; 5 — HaJIBECOBOIl OyH-
Kep; 6, 7 — NOJACWIOCHBIA U HAaJICWIIOCHBIN TPaHCIIOPTEPHI; 8 — HaJicenapaTOpHbId OyHKep; 9 — ce-
naparop; 10 — noacenapatopHslii OyHkep; 11 — nononxauTensHast Hopust; 12 — cunocsl; 13 — aBTo-
MaTHYECKHUE BECHI
Pucynok 25 TexHonornveckasi cxema ABHKECHUS 3€pHA HA DJIEBATOPE

3 M
@c‘n @41 i

B cooTBeTcTBUU C YTBEPKICHHBIMU HOPMAaMU BMECTUMOCTb OYHKEPOB PEKOMEHTY-
€TCs MPUHUMAThH B 3aBUCUMOCTH OT MPOU3BOAUTEIHLHOCTUA TPAHCIOPTHBIX MAIIUH U MEXa-
HU3MOB, OOCTYXHBAIOIIKUX Bechl. [Ipy Hanuunu Becomeyararomero MexaHu3ma u aBToma-
TUYECKOTO YIMPAaBICHUS 33aJIBUKKAMHU HAJ— U IO KOBIIOBHIMH BECaMU BMECTUMOCTH HaJl
HUMH MOXXHO NMPUHUMATh PaBHOW BMECTMMOCTH BECOBOIo KoBIa. KOoBIIOBBIE BEeChl yCTa-
HAaBJIMBAIOT, KaK MpPaBuio, 0€3 MOABECOBOr0 OyHKepa, T.K. 3TO YBEIUUYUBAET BBHICOTY pado-
yero 31aHus Ha 5...6 M. Ero orcyTcTBHE KOMIEHCUPYIOT YCTAHOBKOW TPAHCIOPTHOTO 000-
PYIOBaHUS, MPUHUMAIOILIETO 3€PHO MOCIIE BECOB, OOJBIIECH MPOU3BOIUTEIBHOCTH, YEM OC-
HOBHBIC HOPUH.
3epHoouncTHTEIbHOE 000py10BaHue. PazMelieHre 3Toro 000pya0BaHus BO MHOTOM 3a-
BHUCHUT OT MPOU3BOAUTEIHHOCTU TPAHCHOPTHOTIO 00OpynoBaHus. Eciau mpon3BoguTENbHO-
CTU 3€PHOOYUCTUTEIBHOIO U TPAHCHOPTHOTO OOOPYIOBAaHUSI PABHO3HAUHBI, TO MOXHO
oboiTuck 6e3 OypepHOit EMKOCTH, U TO TOJIBKO TOTJA, KOTAa MPOU3BOIUTEIFHOCTh HOPHM
He npesbimaet 100 /4.
3epHOOUYUCTUTENBLHOE 000PYIOBAHUE Pa3MEIIAIOT MO OJHOM M3 YETHIPEX CXeM (PUCYHOK
26). B nepBrix nByx "a" m "0" mpeaycMOTpeHa KECTKasl CBSI3b MEXKIY TPAHCIOPTHBIM U
TeXHOJornueckum obopynoanueM. [Ipu nmomoOHBIX cxemax TpeOyeTcs: 00s13aTeIbHOe Ha-
au4yue 0OXOJHBIX CAMOTEYHBIX TPYO, TaK KaK MPOU3BOJUTEIBHOCTh 36PHOOYUCTUTEIHLHOTO
000OpyIOBaHUSI B 3HAUUTENIbHOW CTENEHH 3aBUCUT OT KAYECTBEHHOT'O COCTOSHUS 3€pHAa.
HenocpencTtBenHasi cBA3b TPAHCIOPTHOTO U TEXHOJOTMYECKOTO OOOpPYIOBaHUSI B OCHOB-
HOM MNPUMEHSIACh MPU CTPOUTENHCTBE CYIIMIBHO-OYMCTUTEIBHBIX OallleH U OTIEIbHBIX
XJIEOONIPUEMHBIX 3JI€BaTOPOB. TpeThsi cxema (pUCYHOK 26,B) HalllJla CBOE NMPUMEHEHUE Ha
AlieBaTOpax, UMEIOIINX Pa3IM4yHbIe MPOU3BOAUTEIILHOCTH HOPUI Ha MpHUEMKEe U yOOpKe
3epHa U3-MOjJ cemnapatopoB. Ha coBpeMEHHBIX 3yeBaTOpax € HeCHeluaIn3upOBAHHBIMU
HOPUSIMU HAJ U TOJ 3€PHOOYMCTUTENIbHBIMU MallMHaMm# (puc.26, r) mpeaycMaTrpuBaroT
OyHKepbl. 3epHOOYUCTUTEIbHBIE MAIIMHBI PACIIONAraloT B CpeHEN yacTu pabouero 3aa-
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HUS TaK, YTOOBI HAJ| cenaparopamMu ObUTH OyHKe-
pbel. KoHTposibHBIE cemaparopbl U TpHUEPHI, KaK
MPaBUJIO, YCTAHABIMBAIOT HA OJHOM 3TaXKe MO-
Cli€ OCHOBHBIX 3€PHOOYHCTUTEIBHBIX MAaIIUH.
OTxonbl KOHTPOJIUPYIOT HEMOCPEJCTBEHHO B pa-
OoueM 37aHHUH JIeBaTOpA.

3epHocymmiku. B coBpeMEHHbIE 3JI€BaTOpPbI
3epHOCYIINIKA BXOIUT B KaueCTBE CaMOCTOs-
TEJILHOTO MPOU3BOACTBEHHOro Yywactka. lloa-
poOHEee KOHCTPYKLMH CYIIWJIOK OyayT paccMOT-
pensl B pazaene "Cymunku'".

5.6 Ilpuemnule u omnyckHvie ycmpoucmi-
6a 31€6amopoe

IIpuemHble ycTpoOiicTBA ¢ aBTOMOOMJIBHOIO
Tpancnopra. OObeM MOrpy30—pa3rpy304HbIX
paboT Ha xJeOONMPUEMHBIX MNPEANPUITUAX UC-
YUCHSETCS COTHSAMU MUJUIMOHOB TOHH. M3 HuMX
Ha paloThl, CBA3aHHBIE C MOTPY3KOM U pasrpys-
KOW aBTOMOOWJIEH W >KeIe3HOMAOPOKHBIX Baro-
HOB, nipuxoautcs 60%.

[Ipuemka 3epHa ¢ aBTOMOOHIIBHOTO TPAHC-
MopTa SIBISETCS OCHOBHOM ONEpalueil Ha XJje-
OOMpPUEMHBIX TPEANPUATUAX B TMEPUOM 3aroro-
BOK 3epHa. OT mpaBWILHOW OpraHW3alluv JaH-
HOU omepanuu 3aBUCHUT, CMOTYT JIU IPEANPUATHUS
B YCTAaHOBJIEHHBIE CPOKH IMPHUHSTH, PAa3MECTUTh U 00pabdOTaTh BCE MOCTyMarollee OT XO-
35IMCTB 3€PHO PA3JIMYHOIO KaueCTBa U LEJIEBOr0 Ha3HAYEHUIO.

YenenrHoe BbIIOTHEHUE MPUEMKH 3€pHA ¢ aBTOMOOMIBHOTO TPAHCIIOPTA 3aBUCHUT OT
COCTaBa, KOJIMYECTBA U MPOU3BOJUTEIBLHOCTH OOOpYyHOBaHUS. MakcuMalibHOE YacoBOE
MOCTYyIUIEHUE 3epHa (qy) MpU pa3pabOTKEe pa3rpy304HbIX YCTPOUCTB OMPEACIISIIOT O Pop-

MyIie

1 — aBTOMaTHUeCKUE BECHI; 2 — CerapaTop;
3 — HajcenapaTopHble OyHKEpbI; 4 — oA-
cenaparopHble OyHKEpHI
Pucynok 26 Pa3memenue o6opynoBa-
HUA B pabodeM 371aHuuU

Q= 0,8A -k -ky
1 Mp-t
rie 0,8 — koadduimeHT; A — KOIUYECTBO 3€pHA, MOCTYNAIOIIETO OT XJIe00CIaTYMKOB
aBTOMOOMJILHBIM TPAHCIIOPTOM 3a BECh MEPHOJ] 3aroToBOK; K¢, ky — ko3¢ dunmenTsr cy-
TOYHOM W YaCOBOM HEPaBHOMEPHOCTU MOCTYIUIEHUS 3epHa; llp — MpOmOIKHUTENBHOCTD
pacyeTHOTo MePHoia 3ar0TOBOK; t — pacueTHOE BpeMsl II0JIBO3a 3epHa.

CoBpeMeHHOE MPUEMHOE YCTPOWCTBO C aBTOMOOWJIBHOTO TPAHCIOpPTa CO3/IaHO Ha
OCHOBE MHOTOJIETHETO OIbITAa MTPOCKTUPOBAHUS, CTPOUTEIBCTBA U AKCILTyaranuu. [lepBrie
MIPUEMHBIE YCTPOICTBA BBHITIOJIHUIN B BUJI€ HEOOJBITUX OYHKEPOB, PACIOJIOKEHHBIX BIOJb
aneBaTopa. C Te4eHUEM BPEMEHU PA3BUTHE CPEJCTB MEXaHU3AllUH, aBTOMATU3AIIUU U JTUC-
TAQHIIMOHHOTO YMNPABJICHUSI CIIOCOOCTBOBANIO COBEPILIEHCTBOBAHUIO NMTPUEMHBIX YCTPOUCTB,
JanbHEWIlIeMy TOBBIIICHUIO UX MPOMYCKHON criocooHocTu. Ecnu B 1976 1. Ha xnebomnpu-
€MHBIX MPEANPUATHIX MPUMEHSINCh aBTOMOOUIIEPA3rPy3UUKU TPy30MOAbEMHOCTHIO 10 7
T, T0 B 1988 1. oHM yke umenu rpyzonoabeMHocts 10, 20, 30 T u Gornee.

C HauamoM CEepUUHOrO BBIMYCKA YHHUBEPCATBHBIX aBTOMOOMIEepa3rpy3unkoB ABC—
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50M—-1 u Y15-YPAI texuuuecku pelieHa npoOiemMa BBITPY3KH 3€pHa U3 BCEX BHUJIOB aB-
ToMOOUJIe U aBTOMOE3/10B. ABTOMOOMIepasrpy3unk Y 15—YPAID' npennaszHadeH st pas-
IPY3KHU Yepe3 OTKPBITHIM 3aIHUM OOPT U3 OJIMHOYHBIX ABTOMOOWIIEH U CEEeIbHBIX TiArauen
C MONyHpHUIENIaMHU U Pa3rpy3KH dyepe3 OOKOBOM OOPT ONMHOYHBIX aBTOMOOWIIEH U mpuiie-
noB 0011eit maccoit 10 20 T 6€3 pacuenky TPUIENOB OT ABTOMOOMIIEH.

CoBpeMeHHOE MPUEMHOE YCTPOMCTBO BKJIIOYAET B c€0sl yHUBEPCAJIbHBIN aBTOMOOU-
Jepasrpy3urK, MPUEeMHBIN OyHKep, paboTarouuii 1o MPUHIKITY caMOTeKa, CIIeUaIUu3UpO-
BaHHbIC HA MPUEMKE TPAHCIIOPTHBIE MEXaHU3MbI (KOHBEUEpHhl, HOPUU) U HAKOMUTEIbHbIC
OyHKepHbI JIs MOCTYMAIOIIUX HapTHH 3epHa.

Hanuuue HakonutenbHbIX OYHKEPOB B MPUEMHOM YCTPOMCTBE JENAET €ro YHHUBEP-
CaJIbHbIM B TE€XHOJOTMYECKOM OTHOIICHUHU, T. €. MO3BOJISET MPUHUMATh U (HOPMUPOBATH
HECKOJIBKO MAapTUN 3€pHA U MOBBIIIAET UCTOJb30BAHUE OCHOBHBIX HOPUU, APYrOro TPaHC-
MOPTHOTO U TEXHOJIOTMYECKOTO 000PYAOBAHUS.

HakonurenbHble OyHKEpbl HEOOXOAMMO MPEIyCMaTpPUBaTh HEMOCPEICTBEHHO MpHU

MPUEMHOM YCTPOMCTBE C aBTOMOOUIIBHOTO TpaHcnopTa. Ha sneBaTtopax, MMEIOIIUX 3HAUU-
TEJIbHBIC pa3Mephbl padoyero 3aaHus, MOKHO MO TpuMmepy aeBatopa JIB4x175 mpeny-
CMOTpPETh HAKOMUTENbHbIE OYHKEPHI B 3[JaHUH, TEM CAMbIM HE CO3/1aBaTh JIsl HUX Ha Tep-
PUTOPUH TIPEATIPUATHS OTACIHHOTO COOPYKEHHUSI.
IlpuemHble yCTpPOHCTBA € KeJe3HOMAOPOKHOr0 W BOAHOrO TpaHcmopra. llepeBo3ku
3epHAa Ha JKEJIE3HOJIOPOKHOM TPAHCIIOPTE 3aHUMAIOT 3HAYUTEIILHOE MECTO B 00IIEM 00be-
M€ TIepEeBO30K. YPOBEHb MEXaHU3AIIUU ITUX paboT cocTaBisieT 96%, u3 HUX Ha OO CTa-
MOHAPHOUN MexaHu3auu npuxonurtcs o6oisee 70%.

CoBpeMeHHOE MPUEMHOE YCTPOUCTBO C KEJIE3HOJOPOKHOTO TPAHCIIOPTA BBIMOJIHS-
10T B BUJIE OTACJIBHOTO COOPYXKEHUS, PACHIONI0KEHHOTO Ha HEKOTOPOM PACCTOSIHUU OT 3Jie-
Batopa. [IpocTeiiniee npuemMHoe yCTPONCTBO (aHAJIOTUYHOE MPUEMHOMY YCTPOMCTBY C aB-
TOMOOUJIBHOTO TPAHCIOPTa) — OYHKEp, B KOTOPBIN 3€pHO BBITPYKAIOT U3 BaroHa. 3arem
3€pHO MepeaaloT B OCHOBHYIO HOPHIO MPHU MOMOIIM CIIELHUAIBHOTO KOHBEMepa.

Baronbsl MOXXHO pa3rpykaTh MpU MOMOIIM: CTAIIMOHAPHBIX WU MEPEIBUKHBIX Me-
XaHWYECKHX JIONAT; WHEPUMOHHBIX BaroHopasrpy3unkoB [[THMMMIIC, naeBmarnueckux
BCACBIBAIOIMX YCTAHOBOK. [IpMMeHeHHe MHEBMAaTUYECKUX YCTAaHOBOK YBEJIMYMBAET pac-
XOJl 3JIEKTPOSHEPIUH, HO MIPU ATOM 3HAYUTENIHLHO OOJIEerdyaercs: Tpyl U JAOCTUTarOTCs HOP-
MaJIbHbI€ CAHUTAPHBIEC YCIOBUS JIJIsl pa0OUYHUX.

O0BbeM NOTPy30YHBIX U PA3TPy30UHBIX padOT C 3€PHOM HA BOJHOM TPAHCIIOPTE CO-
ctapysieT okoio 10...12% ot ob6miero oobema padbot ¢ 3epHoM. [IpuemHbIE yCTpOMCTBA C
BOJIHOTO TpaHcIopTa (0apx, Cy/I0B) B CUJIy pslla CIEUU(PUIECKUX YCIOBUNU B KaXKJIOM OT-
JETBHOM CJIy4ae COOPYXKAIOT NMPUMEHUTEIbHO K MECTHBIM YCIOBUAM. K HUM OTHOCHT:
pazHooOpa3ue NOJBUKHOTO COCTaBa BOJHOTO TPAHCIIOPTA, KaK MO BOAOU3MEIEHUIO, TaK U
M0 KOHCTPYKIUHU (PACIONOKEHUE JIFOKOB U YUCIO TPIOMOB); HEMOCTOSHCTBO TOPU30HTA
BOJIBl y Mpuyana U penbeda Oepera; pacrnoiokKeHUE 3ieBaTOpa OTHOCHUTENIBHO MpUYala.
JIist BBITPY3KHU 3€pHA U3 Oap MPUMEHSIOT JIBa CIOc0o0a: MEXaHUYECKHUM U MMHEeBMaTUYe-
ckuil. MexaHn4eckuil cnocod BBITPY3KU OCYHIECTBISIETCA MNP MOMOIIU rpeiepHbIX Kpa-
HOB. VX mpuMEHSIOT OOBIYHO HpPH MPUEMHOM crocoOHocTU mpeanpudaTtuil 1o 100 1/4.
[THeBMaTHUeCcKHil cnoco0 MPUEMKH OCYIIECTBISETCS MEePEIBHKHBIMU U TUIABYUYUMH yCTa-
HOBKamu. [Ipu Gosblieil mpou3BOAUTENBHOCTH 3TOT CIIoco0 TpeOyeT B 3...5 pa3 OoJbIINX
3arpaT AJIEKTPOIHEPTUU.

[Iporiecc BBIrpY3KH 3€pHA MHEBMATUYECKUM TPAHCIOPTOM MHPHUHSATO JIEIUTh HA TPU
JTana:

1) Hagayio pa3rpy3KH, KOrma Mocie MOrpyKeHHsI COIula B 36pHOBYIO MacCy HaOJroa-
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€TCS CaMOCTOSITENIBHBIN MPUTOK 3€pHA K BCACBIBAIOIINM OTBEPCTHUSM COILIA; B 3TOT
MEPUOJ] YCTAHOBKA UMEET MAKCUMAIIBHYIO MPOU3BOAUTEIBHOCTB;
2) IPOMEKYTOUYHBIH, T. €. 36pHO BBIFPYXKAIOT OKOJIO OOPTOB B KOPMOBBIX M HOCOBBIX
Y4acTKax TPIOMa C IEPECTAHOBKOM COIEN C OJHOIO0 MECTa Ha APYroe, HapaiiuBas
Mpu 3TOM THOKHE pyKaBa M YaCTUYHO MOArpedas 3epHO; MPOU3BOAUTEIBLHOCTh Ha
ATOM ITAIle 3aMETHO CHU)KAETCH;
3) KOHEYHBIH, KOTAA OCYHIECTBISIOT 3a4UCTKY Cy[HA OT OCTaTKOB BPYYHYIO, ITIPHA 3TOM
MPOU3BOAUTEIBHOCTh MUHUMAJIbHAS.
OTnyckHble ycTpoiicTBa 3JjieBaTopa. Kak u npueMHbie, OTIIYCKHBIE YCTPOMCTBA MPUHSITO
JEMUTh MO HA3HAYEHUIO, T. €. JJIA OTIYCKa B aBTOMOOWJIBHBIM U >KEJIE3HOJOPOKHBIN
TPAHCHOPT U JJIsI OTIIYCKA HA BOJHBIN TPAHCIIOPT.

Ha coBpeMeHHBIX aneBaTopax NPUMEHSIOTCS OTTPY304YHBIE YCTPOWCTBA, KOTOPBIE C
HEKOTOPOIl CTEMEHbIO YCIOBHOCTHU JESATCS Ha JiBa TUIIA: JIs 3JIEBATOPOB, 000PYI0BAHHBIX
HOPUSAMHU TPOU3BOAUTENBHOCTHIO 0 100 T/4 1 cBbime 100 1/4. OTnycKHBIE yCTpOMCTBa
MMEIOT TEXHOJIOTHYECKOE 000PY/IOBaHUE, aHAJIOTUYHOE MPUEMHBIM YCTPOUCTBAM U HE OT-
JINYAETCsI OPUTUHAIBHOCTHIO.
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Jexuus Ne 8, 9
6 Cxutaapl 1151 IPOAYKTOB NepepadoTKHU 3epHA

6.1 Hanoawsnwle ck1aowl

W3 nponykToB nepepaboTKu 3epHa B CKIIAJaX, KaK MPaBUIIO, XPaHSIT MYKY U KpYILY.
[Ipu XxpaHeHUM MYKH MOXKHO BBIJACJIHUTH TPHU CIydasi, KOTOPbIE PAa3HATCS LEISIMU U JJIH-
TENbHOCTHIO XPAHEHUS:

1) cpa3dy mocie momoJia Myka MOCTYyMaeT B TaK Ha3blBaeMble BHIOOWHBIC 3aKpOMa, B KOTO-
PBIX HAXOAUTCS O4Y€Hb KOpoTKoe Bpems (1...3 daca), 3TO XpaHeHUE MPOU3BOAUTCS UCKIIIO-
YUTEIBHO HACKINBIO;

2) 13 BHIOOIHBIX 3aKPOMOB MYKa 3aTapyBAETCA U MOCTYIMAET HAa CKJIAJl TOTOBOM MPOIYKIIUU
NpeAnpUsITUsL. 31€Ch OHAa MOXKET XPAHUTHCS:

— camoe KopoTkoe BpeMs (1...5 aHeil) B 03kuJIaHUK OTITyCKa HAa TPAHCIIOPT;

— B TEUCHHUE HECKOJbKUX JHEH, MOKa MPOUCXOAUT OTJIEIKKA MYKH B LIEJISIX TaK Ha3bl-
Baemoro "co3peBanus" e€. 3a 310 Bpemsa (00bIuHO 14 gHEl) MyKka mpuoOpeTaeT yiydlie-
HUE XJ1e00NeKapHbIX KAYECTB;

— B TEUEHHUE HECKOJIbKUX MECSIEB MO COOOpaKeHUsIM, HalpuMep, KOMMEPUYECKOTO
XapakTepa.

[Ipu xpaHeHUH B MyKE MPOUCXOAST TaKUE K€ OMOXMMHYECKHE MPOIIECChl, KaK U B
3epHE, HO UHTEHCUBHOCTb UX 3HAYUTEIBHO BBIIIE. YCIOBUS XPAHEHHUS, IPU ITOM, OKa3bl-
BAaIOT peIlIaloIIee 3HAYCHNUE Ha KAUeCTBO COXPAHSIEMOI0 MPOYKTA.

B kadecTBe criennanbHBIX TPEOOBAaHUM K TAaKUM CKJIajaM HYKHO UMETh B BUJY CJe-
OyIomiee:

1. Cxknanpl ¢ epeBSIHHBIMU, OCTOHHBIMU, ac(aabTOBBIMU M KaMEHHBIMHU TOJIaMH, HE
MMEIONIUE BEHTWJIMPYEMOI'O MOAMOJIbS, JOJKHBI ObITH OOOpPYHOBaHBI CielIMaIbHBIM Ha-
CTUJIOM BbICOTOM He HUxke 10 cM s ykiaakyd Ha HEM mTadeneld U3 MEIIKOB MYKU WIH
KpPYIIBI.

2. CkJazibl JOJKHBI OBITh OCHAIEHBI 3€PHOOYMCTUTEILHBIMUA MAallMHAMU U CUCTEMa-
MU JIJI1 TPOCEUBAHUS MYKH B IIEJSAX OTJEICHUS OT HEe€ BpenuTelield, Ope3eHTamu Jjisi poc-
CBIIIM MYKH B CJIy4ae CaMOCOTPEBAHUS, a TAKXKE 36PHOCYIIUIIKAMH.

3. Ans nopa®OTKu MYKH U Kpymbl (IPOCEMBAHUE HA CHUTaX, NEpeTapka, OYUCTKa Ha
3€pHOOUUCTUTENBHBIX MAIIMHAX), B CIydyae BOZHHUKHOBEHMSI B TOM HaJOOHOCTH, JTOJKHO
OBITH BBIJICJICHO 0co0o0e nomenieHue. [Ipou3BoacTBO MoI0OHBIX pabOT B MOMEIICHUSIX IS
XpaHEHUsI MyKH U KPYTIbl HE OMTyCKaeTCsl.

3naHus ISl XpaHEHUsSI MYKA U KPYIbl B Tape ObIBAIOT OAHOAITAXXHBIMU U MHOTO-
ATaXHBIMU.

6.2 Tpancnopmmuoe 060pyoosanue HANOAbLHBLIX CKIAAO08 MYKU U KPYNbl

Hanbomnee oObIYHBIMM Ha CKJIaJIaX SIBISAIOTCS TEJICKKHU (IBYXKolEcHas — "MenBenka"
U TPEXKONECHAs pyuyHas) U 3ekTpokapsl. Ha ckiane HeoOxonumsl Beckl Ha 1...2 T U Mexa-
HUYECKHE YKIAIuuKu (mradeneykinaauuku). Ha ckimamax mupokoe MpuMEHEHHUE HaXOMsT
MEPEABIKHBIE M CTAllMOHAPHBIC JIEHTOYHbIE TPAHCIOPTEPHI. OYEHb YAaCTO MCHOJIB3YIOTCS
POJIMKOBBIE TPAHCTIOPTEPHI, KOTOPhIE MOTYT 3HAYUTEILHO OOJIErYUTh KaK MOrPYy3Ky, TaK U
pa3rpy3Ky, HallpuMep, BaroHOB. B MHOTOATaXXHBIX CKJIaJax MIMPOKO HMCHOJIB3YIOT TaK Ha-
3bIBAEMbIC BUHTOBBIC CITYCKH, T. €. )KE100a, MO KOTOPHIM MEIIKH MOTYT IIPOCTO CKOJIB3UTh
BHU3.
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7 TpancnopTHOoe 000py10BaHKE 3JIEBATOPOB

7.1 Boloop cucmemvt mpancnopmupoeanus

TpaHCTIOPTHBIE CUCTEMBI SBISIIOTCS OJHUM U3 TJIABHBIX 3JEMEHTOB TEXHOJIOTHUYE-
CKHX JIMHUU Ha 3JI€BaTOPaX U JOJKHBI COOTBETCTBOBATH HEKOTOPHIM TPEOOBAHUSIM.

1. TpanCOpTUPYIOLIYIO YCTAHOBKY CJIEAYyeT BHIOMpPATh B COOTBETCTBUM C XapaKTepH-
CTUKaMHU TPaHCIOPTUPYEMOro NMpOoayKTa. K HEKOTOPBIM M3 3THUX XapaKTEPUCTHUK, BIIUSIO-
IIMX HAa pacyeT KOHBEHepa, OTHOCATCS: NPUTOAHOCTH ISl TPAHCHOPTUPOBAHUS, pa3sMep
YacTHIl, HACHIMTHASA MJIOTHOCTb, YTOJI €CTECTBEHHOI'O OTKOCa, a0pa3WBHOCTH, BIAXKHOCTb,
MBUIEHHE, JIMIKOCTh U TEMIIEpATypa.

2. CobcTBEeHHAsi Macca KOHBeWepa J0MKHA ObITh MEHbBIIIE MacChl TPAHCIOPTUPYEMOTO
IIPOAYKTA.

3. YcToiunBOCTh pabOThl 000PYI0BAHUS JOJIKHA TApAaHTUPOBATHCA MTPU BCEX OOBIYHBIX
AKCIUTYaTallMOHHBIX U KIMMATHYECKUX YCIOBUSAX. TPaHCIIOPTHBIE MAIIMHBI, PACIIOI0KEH-
HbIE Ha OTKPBITOM BO3JlyX€, B OTJIWYME OT pabOTAaIOUIUX BHYTPHU MOMEIICHUN TPeOyroT
OPYTrMX CTAaHAAPTOB HA BETPOBYIO HATPY3KY, 3alIbUIEHHOCTb, BIAKHOCTh U KOPPO3UIO.

4. HeoOXonuMO y4YHUTHIBATh TPEOYIONUIYIOCS CKOPOCTh TPAHCIIOPTUPOBAHUS U BpeMs
MyCKa, a TAKXKE JABUKEHUE KOHBEUEPOB 110 UHEPIIHH.

5. [Iponu3BOANTENBHOCTh TPAHCHOPTHPOBAHUS JIOJKHA COOTBETCTBOBATH IMPOU3BOIM-
TEJBHOCTU TOCJEAYIONIEH TPAHCHOPTHOM CHUCTEMbI WM TEXHOJIIOTMYECKOro 000pymoBa-
HUSL.

6. Huxorna He cietyeT mpeBbIaTh BEIUYUH NPOU3BOAUTENBHOCTH U ckopocTu. Heob-
XOJIUMO U30eraTh Neperpy3ku U BOZMOKHBIX MUKOBBIX HATPY30K.

7. He crmenyeT BHOCHUTh M3MEHEHHUN B MCXOJHYH) KOHCTPYKLHIO, HAIPUMED, U3MEHSTH
TOUKY 3arpy3KH, YBEJIIMUMBaTh MOAA4y NpOAYKTa 0e3 MpeABapUTENIbHON KOHCYJIbTAllUH C
KOHCTPYKTOPOM.

8. IIpu onpeneneHun MOIIHOCTH 3JEKTPOABUTATENS] BHUMAHUE JOJKHO OBITH YJEJIEHO
BO3MO>XHOCTH MHOTOKPAaTHOTO ITyCKa TPAHCHOPTHOW CUCTEMBI PH MOJIHOM 3arpy3Ke.

9. Bce nocneayomye onepanuu JOJXKHbI ObITh JOTHUUECKU CBSI3aHbI JPYT C APYIoM, C
TEM, YTOObl YMEHBIIUTD JIJTUHY TPAHCIIOPTUPOBAHUS.

10. HeoOxoauMo MONTHOCTHIO MCIOIB30BATh BO3MOKHOCTHU MEPEMEIICHUsI Tpy3a camo-
TEKOM.

11. I[IpocTon AOMAKHBI OBITH CBEICHBI K MUHUMYMY CTaHIApTU3AlMEN CPEJICTB TpPaHC-
MOPTUPOBAHMS U BCEX UX KOMIIOHEHTOB, C TEM YTOOBbl YMEHBUIUTH MPOJOJIKUTEIBHOCTh
pEMOHTa M MPOPUIAKTUKUYECKOTO OOCTYKHBaHUSA, a TaKXKE KOJIUYECTBO TPEOYIOIIMUXCS
3alacHbBIX YaCTEM.

12. /Ins mpenoTBpamieHusi CaMOIPOU3BOIBHOIO X0 TPYKEHOM BETBU KOHBEMEPA BHU3
BCE BEPTUKAJIbHBIE U HAKIIOHHBIE KOHBEHEPHI JOJKHBI ObITh 000PYIOBaHBI TOPMO3HBIMU
YCTPOMCTBAMHU, KOTOPBIE CPabaThIBAIOT IPU OTKJIIOUEHUH 3JIEKTPOABUTATENS.

13. Bcst KOHCTpYKIMS TOKHA OBITh TaKOW, YTOOBI YCTPAHUTh MPOCHIMAHUE TPAHCIIOP-
TUPYEMBIX TMPOJYKTOB U 3arpsA3HEHUE OKpYXKarolleu cpenbl (0opprda ¢ NIyMOM U MBUIBIO).
[IpoOneMbl OOBIYHO BO3HUKAIOT MPU OOpPA30BAHUU MbUIM, HAKOIUIEHUHM U MPOCHINAHUU
MPOJYKTa U MOBPEXKIACHUN KOHBEHMEpa B TOUKAX BbIMYCKa MPOAYKTa; 3TUM 30HAM HEO0O0XO-
IUMO YIENSATh 0c000€ BHUMAaHHUE MPU KOHCTPYHUPOBAHUU, YTOOBI 00ECTICUUTh PABHOMEP-
HOE pacnpeesieHue MOTOKa MPOAYKTA.

14. Ha sTame mpoeKTUPOBaHUS TPAHCIIOPTHOTO YCTPOMCTBA HEOOXOAMMO YUYUTHIBATH
AKCIUTyaTallMOHHBIE YCIOBUS U UHTEHCUBHOCTD €ro paboThl: 8, 16, win 24 4 B 1eHb U 5, 6
WM 7 THEU B HEZECIIO.

46



7.2 Koncmpykuyuu mpancnopmeépoe

Haubonpmee pacnpoctpane-
HHUE Ha 3JIEBATOPAX IMOJYYWIHN JIEH-
TOYHBbIE KOHBeWephl. (OcTaHOBHMCA
Ha HEKOTOPBIX OPUTMHAJIBHBIX KOH-
CTPYKLHMSIX.

Ha pucynke 27 moka3aH Te-
JIECKONIUYECKUM, a Ha pHUCYHKe 28
JABYXXO0/J0BOM JICHTOYHbIC KOHBEW-
epbl. [lepBhIli oTIMYaeTCAd TEM, UTO

Pucynoxk 27 Cxema TenecKonnyecKoro JEHTOYHOIO
KOHBeElepa

v

PucyHoKk 28 CxeMa JByXXOO0BOTO JieHTou- | — CTALMOHAPHbIH JICHTOUHbIH KOHBEiep; 2 —
Ka4aromunuurcs KOHBCUCD, 3 — CHJIOCHBIHN KOp-

HOTI'0 KOHBeHepa myc
Pucynok 29 Kauaronmuiicst J€HTOUHBIN

KOHBEWEP
NPy TIEPEMEIICHUH TEJICKKU B HEKOTOPBIX

MpeAeaax MOKHO MEHSATh MOJ0KEHUE TOUKU Pa3rpy3Ku TPAHCIOPTEPA, MPU ITOM HATSKE-
HUE TPAHCIIOPTEPHOM JIEHTHI OCTAETCS HEU3MEHHBIM.
Ha pucynke 29 n300pakeH Ka4alIIMIACA JIEHTOYHBII KOHBeliep, KOTOpBI Cly-
KUT JJIs1 pACIPEAECICHUS 3€pHA B CHIJIOCHI, paCIIOJIOXKEHHBbIE oA HUM. [IpenmymiecTBa Ta-
KO KOHCTPYKIIUH 3aKJII0YAIOTCSI B TOM, 4TO HE TpeOyeTcst 00110 BEICOTHI HAJICHIIOCHBIX
MOMENICHUM, UMEIOTCS (PUKCUPOBAHHBIE TOUKHU PA3rPYy3KH, HET OCTATKA.
KonBeitep Ha Bo3aymHoil mnoaymke (3anateHtoBaH  Qupmoit  "Sluis
Machinenfabrek B.V.", Hunepnan-
\ -7 T~ ~

4 : nel) (pucynok 30). XoTsi GOJIbIINH-
;
!
!
!
!
!
!
|
i

CTBO Y3JIOB JICHTOYHOI'O KOHBEWEPa,
HarpuMep xKeao0darbie POJTUKOBbBIC
ONOPBI, POJMKA W TOAUIUIHUKH,
OTJINYAOTCA BBICOKAM Kay€CTBOM,
MHOTJAa BO3HHUKAIOT MpOOJieMbl B

" MPOIIECCEe IKCIUTyaTallul, 0COOEHHO
B 3albUICHHBIX W BJIAXKHBIX 30HAX.
Hanpumep, s JE€HTOYHOTO KOH-
; Beiiepa mmmHOM 100 M, 060pymo-
1 — Bo3gynIHas nmoxymka; 2 — JICHTOYHBIA KOHBEHEP; 3 — BAaHHOI'O TPEXPOJIUMKOBBIMH OIOpa-
NPOYKT; 4 — KpbIlliKa (He 00s13aTeNbHa); 5 — BEHTUISATOP Mu ¢ Imarom 1 m, Tpedyercs 100
PI/ICYHOK 30 Cxema KOHBeﬁepa Ha BOB,Z[yIHHOfI I10- JKeI009aThIX POIIMKOOIIOP U OKOJIO
JAyIIKE 40 ponuKOB I XOJIOCTOW BETBH.
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DT0 03HA4YaeT, 4To TpeOyeTcs 0koyIo 680 MOANIUITHUKOB.
Tak xKak cpok Ciy:KObl MOAIIMIHUKOB OTPAHUYEH, TO OHU MOTYT BHE3aIHO BBIXO-
JUTh U3 CTPOS, YTO MPUBOJIUT K HAPYIICHUIO IIEHTPUPOBAHUS U JaXKe MOBPEKICHUIO JICH-
ThL. 3aJI€P>KKM U OCTAHOBKHM HAa PEMOHT, a TakKe 3alacHble YacTh TPeOyIOT JeHET. JTU He-
JIOCTaTKU MPUBENH K CO3/ITaHUI0 KOHBEWepa, B KOTOPOM MPOAYKT U JIEHTA MOAEPKUBAIOTCS
B kenobe Bo3nyniHoW moaymikoil (pucyHok 30). Bo3nyx momaeTcs B Kopmyc TpyO4aTtoro
xenoba OJHUM WM HECKOJbKUMHU HEOOJIBIIMMHU BEHTUJIAITOPAMHU 4Yepe3 OTBEPCTHUSl He-
OOJIBIIIOTO TUaMeTpa; MoJ JICHTOM oOpa3zyeTcsl BO3AyIlHAs Mpocoiika. Yucno BEHTUIATO-
POB 3aBUCHUT OT 00IIIEH JUIMHBI U IUPUHBI KOHBeMepa. Ponrkoonops! 0olibiiie HE TPeOyIOT-
csi. HeoOxoauMbl TObKO MPUBOAHON U HATSDKHOM OapabaHbl B Hayajle U KOHIIE KOHBeiepa.
[IpenmyiiecTBa KOHBEMEPA HA BO3AYIIIHOM MOAYIIIKE:
® TpEHUE U MOTPEOJICHHE YHEPTUU 3HAUUTEIHLHO HIXKE, a CKOPOCTU JICHTHI U TPOU3BOAU-
TEJIbHOCTh TPAHCIIOPTEPA MOT'YT 0aTh 3HAUUTEIBHO BBIIIE;
® MaJIO JABWKYIIMXCSA YACTEW, MEHbIIIE U3HOC U MEHbIIIE 00BEM PEMOHTHOTO OOCIYy>KUBa-
HUS;
® BO3MOKHBI 00JIee KPYThI€ YIIIbI HAKJIOHA, TaK KaKk BUOpaIus OTCyTCTBYET;
® KOHCTPYKIHUS kejno0a, HU3KOE IaBICHUE U HEOONBIIONW pacXo]] UCIOIb3yeMOro BO3yXa
rapaHTUPYIOT OTCYTCTBUE BCTPSIXMBAHUSI TPAHCIOPTUPYEMOIO MPOAYKTA U BBIACICHUE
MbUIH;
® PaBHOMEPHOE MEPEMEILICHHE JICHThI COXPAHSIET MPOAYKT HEMOABUKHBIM, HE IPOUCXOIUT
B €ro CMEIIWBAaHUSA MM pacciioe-
HUS;
® [ICHTPUPOBAHUE JICHTHl HUKO-
rJa HE HapylIaeTCsd W MCKIIIoYa-
& €TCSl UCTUPAHUE JICHTHIL;
® [IPOYHOCTH JIEHTHI MOKET OBIThH
3HAYUTENIbHO HUXE, a KOHBeWep
B - pabotaeT GecuIrymMHO;
® HAKOIUIEHWE TbUIM Ha pame
KOHBEMEpa HE3HAYUTEIIBHO;
Pucynoxk 31 HakiionHasi TpanciopTHasi cuctema 0e3 ® BCIO CHUCTEMY JIETKO IIpeBpa-
HOPUi TUTb U3 OTKPBITON B 3aKPBITYIO;

® 3aKpBITHIN TpyOuarbIit
XKea00 SBISETCS CaMOHECY-
IIMM Ha 3HAYUTEIBHBIX pac-
CTOSIHUSIX.

Haxk/JIOHHBIA  JIGHTOYHBI
koHBeiep. HexoTopsie mpo-
E€KTUPOBIIUKN  MOJHOCTHIO
OTKa3bIBAKOTCS OT HOPUM My-
. . i . TEM HCIIOJIb30BAHUS JICHTOY-

0 (V)
1 — BecoBast; 2 — HAKIIOHHBII JICHTOUHBIH TPAaHCIOPTED; 3 — cunocp;  HPIX  KOHBCHCPOB, yCTaHAB-

4 — IPUBOJT; 5 — HATSHKHOE YCTPOMCTBO; 6 — IEMTHOM KOHBEHep JIUBACMBIX CHApyXH (pHCY-
Pucynox 32 HakIOHHBIH JIEHTOUHBINA KOHBEHEDP C HATSOKHBIM — HOK 31).
YCTPOICTBOM, YCTAHOBJICHHBIM HA YPOBHE 3€MIIH HaknonHelii  neHTOU-

HbII KOHBEWEP HMEET Clie-
QYIOLIHE TPEUMYIIIECTBA:
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® cro MOKHO YCTaHABIIMBAThH JIJIsl TPAHCIIOPTUPOBAHUS 3€pHA MO TOPU3OHTAIU U BEPTHUKA-
U (HOpUH, KaK MPaBUIIO, JOMYCKAIOT TOIBKO BEPTUKAJIBLHOE MIEPEMEIIICHUE TPYy3a);

® IIPUBOJI MOXKET OBITH pa3MeEIIeH Ha YPOBHE 3€MJIU, YTO 00JIETYaeT €ro PeMOHT U CHIXKAET
TpeOOBaHUS K OMOPHBIM KOHCTPYKIIUSIM IPUBOAIA (PUCYHOK 32);

® KOHBEHEpHhl MOXKHO YCTaHABIMBATh C YIJIOM HAKJIOHA 70 15, a B 0COOBIX CilydasiX — U C

HECKOJIBKO 00J1€€ KPYThIM HAKIIOHOM.
1 5 Henocratok HaKJIOHHOIO JIEH-

e 2 TOYHOrO KOHBEHEpa — BBICOKAas IIO-
%.‘. e%¢ o4 e"9 a4 TpEOHOCTh B IUIOMIA[M, KOTOpask MoO-
o« -0—- * -0 —9 00— 00 -0
.':\\ KET CHENATh TaKOE PEIICHUE HEMPAK-
= T THYHBIM. YBeHI/IquI/Ie JUTUHBI TpaHC-
\\ 4\ 3 MOPTEPOB MPUBOJUT K YBEIUUYECHUIO
TpeOyeMOro HATSXKHOTO YCUIIUSA, HO
MPOYHOCTh TPAHCIOPTEPHOM JIEHTHI
BIOJIHE ONpeAcnEHHbI Tmpeaen. B
CBA3U C MOCTOSIHHBIM POCTOM ITPOU3-
BOAUTEIBHOCTA W JJIMHBI JICHTOYHBIX
KOHBEWEpPOB OTMEYAETCs, YTO 0ObIYHAS KOHBEMEpHAas JICHTa C PE3NHOTKAHEBBIM KapKacoM
W3 HATypAIbHBIX M CHHTETUYECKUX BOJIOKOH HE MOXET YAOBIECTBOPUTH MPOYHOCTHBIM
TpeOoBaHUAM. B 3TUX cilydasx UCMONB3YIOT apMUPOBAHUE JICHTHl METAJLIOKOPJIOM, o0ec-
MEYMBAIOIIIEE OYEHB OOJIBIIYIO MPOYHOCTh U MPOJIOJKUTEIIbHBIA CPOK CITYKOBI.

B pacnpocTpaHeHHBIX JICHTOYHBIX KOHBEHEPAX JIEHTA JTOJKHA BBINOJHAThH ABE pa3-
Tu4Hble (QYHKIMU: MEepeMellaTh TPOAYKT U NepeaaBarh TAroBoe ycuine. OCHOBHOE pas-
JTUYUE MEXKY OOBIYHOM M PE3MHOTPOCOBOM JIGHTOM COCTOUT B TOM, YTO B MOCIIEIHEN TPO-
Chl MEpPEAI0T BCE TATOBOE YCHIIME, a JIEHTA, HAXOMASCh MOYTHU O€3 HAaIpsHKEHUM, MPOCTO
"Hecer" mpoaykT. CiegoBaTeabHO, JEHTE HE 00s3aTeIbHO BBIMOJHATE 00€¢ (PYHKIMH; OHA
MOXET ObITh CKOHCTPYMPOBaHA CHEIMAJIbHO C YYETOM CBOMCTB TPAHCIOPTHUPYEMOTO IMPO-
OyKTa. DTO MO3BOJSET MPOCKTUPOBATH OYEHb JJIMHHBIE KOHBEHEPHI C PE3MHOTPOCOBOM
JICHTOM C OJJHUM MPHUBOAOM, KOTOPBIM MOXHO pa3Mellarh B Haubosiee yqoOHOM MecCTe ¢
TOYKHU 3PEHUS IEKTpUUECKOTO nuTanus. Ha pucynke 33 nokazaHa KOHCTPYKLMS TIOCKOU
PE3UHOTPOCOBOM JICHTHI.

JIByxJ1eHTO4YHbIN KoOHBeHep. OH TpaHC- Y,

MOPTUPYET 3EPHO TMOCPEACTBOM JABICHUS . .

IBYX JIEHT HA 3€PHO, HAXOASAIIEECS MEKIY

Humu. Ha pucynke 34 moka3zaH KOHBEHEp

Simlofter gupmbr "Simon Carves", xoto-

PBI MOXKET yCMENHO padoTaTh MpU 3HAUU-

TENIbHO OO0Jiee BBICOKHX IOKa3aTelsiX CKO- !

POCTH U MPOU3BOAUTEIBHOCTH, Y€M OOBIU- Tt/

Has HOpHS, TaK KaK pa3rpy3ka HE OrpaHu- \\‘—"P'" ' ““k“

YeHa BO3ACHCTBHEM LIEHTPOOEKHBIX CUJ Ha

IpUBOAHON Oapaban. Marepuan pasrpyxa- {-e-)- a

€TCSI HEMPEPBIBHBIM TMOTOKOM, IPU 3TOM

MPOUCXOJUT MHUHHMMAJIbHOE  JApOOJIeHUE

MpOAyKTa U 00pa3zoBaHue nbUIu. Ha TpaHc-

MIOPTUPYIOLIEM 3JIEMEHTE HET KOBUIEH WU

JPYTruX BBICTYNOB. VI3MEHUTh HaAmpaBJICHUE TPAHCIIOPTA C BEPTUKAIBHOTO HA TOPU30H-

TaJIbHOE MOKHO 0€3 MPOMEKYTOUHBIX TOYEK Pa3rpy3KH 3a CUET M3MEHEHHUS yIJia HaKJIOHA
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1 — BepxHsia oOkaaka; 2 — Kpail IEHTHI; 3 —
HIDKHSS 00KiIaaKa; 4 — —CTaldbHbIE TPOCHI; 5 —
BA3KUU CIION
Pucynok 33 Pa3zpe3 pe3suHOTpOCOBOM JIEHTHI

Pucynok 34 JIByXJ€HTOUYHBIN KOHBEWED,
HCIIONIB3YEMBIN B KAYECTBE CUCTEMBI BEp-
THKAJIBHOTO TPAHCIIOPTUPOBAHUS



napautesiorpaMMioro mexanusma ABCD. IloreHnmanbHas AjiHa KOHBEWepa orpaHu4eHa
TOJILKO IPOYHOCTBIO JIEHTHI, UCIIOIb3yEMOU B HACTOSIIEE BPEMSI.
T'oppupoBanubiii (KapMaHoO-
00pa3HbIid) JIEHTOYHBIH KOH-
Belep. [loka3aHHBI Ha pUCYH-
Ke 35 TpaHCHopTep MpeCcTaBIIs-
A. A  Boxosas €T COOOM CHCTEMY, aHaJIOIMY-
PPITPYSRE Hyl0 IBYXJICHTOYHOMY KOHBEiie-
Py, XOTd MaTepual MOpPH ITOM
MOXHO TOJaBaTh Ha OOJBIIYIO
BBICOTY, & CKOPOCTbH JICHTHI 3Ha-
YUTEJIBHO HUXKE. DTy CHUCTEMY,
YCIICIIHO HCIOIB3YEMYIO TpH
TPAHCIOPTUPOBKE CHIYYHX Ma-
TEpUaJOB B APYrUX OTPACIX,
CJIeyeT pacCMaTpuBaTh KakK ajlbT€PHATUBY HOPUHU, OCOOCHHO B 3€pPHOXpaHUIUIIAX, TJE
(U3UYECKN HEBO3MOXKHO YBEIWYEHHUE PA3MEpPOB KOHCTPYKIHMHU U MPOU3BOJUTEIBHOCTH
TpaHCIOpTAa.

BoxoBas
3arpyska

O O
Pucynoxk 35 HakyioHHBIN roppUpOBaHHBIN UK KapMa-
HOOOpa3HbI IGHTOUHBI KOHBEMEp

Beictynarommas Kpome Toro, ykazanuas cuc-

— TeMa JICHTOYHBIX KOHBEHEPOB MOKET
OJTHOBPEMEHHO  BBITIOJIHATH TOPH-
30HTaJbHOE W BEPTUKAIBLHOE TPaHC-
MOPTUPOBAHHUE.

Hopuu ¢ HeOONbIIMMU KOB-
[IaMH HUCTIOJIB3YIOT IIEHTPOOCKHYIO
pasrpy3ky. Ilpu 3TOoM BbIIEHSETCS
MbUIb, a 3HAYWTENIbHAs CKOPOCTh
pa3Tpy3Ku  yBEIUYMBAET BEPOST-
HOCTb MOBPEK/ICHUSI 3€pHA.

TuxoXoqHBIE  BBICOKOIPOU3-
BOAUTEIbHBIE HOPUU Pa3rpyKaroT

|
N

a)

T 3€pHO CIUIOIIHOM MAacCOM, B KOTOPOU
a — KOHCTpyKUus yHuuuuposana Ha 95%; 6 —  ynep:kuBaeTca Oonbluas 4acTh IIbI-

KOBIIY HA JICHTE aY, TpU ITOM  OrPAHUYMBACTCS

Pucynox 36 Hopus ¢ xoBmamu 0€3 1Ha B BEPTH-  1poOJIEHHE 3€pPHA. YMEHBIIEHHE CO-
KaJIBHOM ITOJI0KEHUH Jep>KaHUsl THUIM B KOXKYyXe HOpHUU

CHUXAET OMacHOCTh B3pbiBa. Coo0OlIeHUsT 00 UCCIEAOBAHUSAX HWHXKEHEPOB (PUPMBI
"Cargill" (CIIIA) moka3sIBalOT, YTO MEHbIIIAs CKOPOCTh HOPUITHOMN JICHTHI CHUXKAET U3HOC
JBIKYIIUXCA YacTel, 3arparhl HA NPOQUIAKTUYECKOE 00CIIYKUBAaHKUE, TPOCTOM HOPHUH U
OMAaCHOCTH TPU IKCILTyaTaluu.

Hopus njs nmoabémMa NpPOAyKTa HeNpepbIBHBIM MOTOKOM.. Takas HOpHsl MO3BOJISET
OCYILECTBIISITh MOABEM TPAHYIUPOBAHHBIX MPOIYKTOB HEMPEPHIBHBIM MOTOKOM C IOMO-
0 KoBIIelH Oe3 aHa (pucyHok 36, a). Ilpomecc cam mo cebe MAEHTHYEH IPOIIECCY
TPaHCIIOPTUPOBaHUSI 0OBIYHOM HOpueil. Bxonm Marepuana B OamiMak HOPUU BO3MOKEH C
o0enx cTopoH. {151 BCceX MPOIYKTOB MOKHO HCIIOJIb30BaTh OJUHAKOBYIO MOJIENb KOBIIA.
BmecTuMOCTh KOBIIA HCMONB3YETCS MOAHOCTHhIO. OOBIYHBIE HOPUM JIETKO MEpeAenaTh B
HOPHUIO C KOBIIAMHU O€3 JHA IyTeM 3aMEHbI KOBIIICH.
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_ | (©)
Pucynoxk 37 JlenTouHsiii koHBelep B hopme Oy-
KBBI «C»

OCHOBHBIM MPEUMYIIIECTBOM 3TOTO THIIA
HOPHUM SIBIIIETCSl TOBBIIIEHWE MPOU3BOAUTEND-
HOCTHU TpaHcnopta. Hegoctatkom cumrtaeTcs To,
YTO TOJHOE OMOPOKHEHHE OaliMaka HOPUU He-

A\ O\C\

g

AW\

"
>

\——7
1
i Pasrpyska

BuyTtpenHss

rpaBUTAllUOHHAA

pasrpyska

3arpyska

Pucynok 38 JIeHTOYHBIN KOHBENED C
KOBLIAMH B BUJIE MEILIKA

BO3MOJKHO, €CJIM HC YCTAaHOBUTHb Ha JICHTC 4YCPC3 YCTBIPC — IIATH KOBIIIEH 0Oe3 JHa OJWH

KOBII C JHOM (pUCYHOK 36, 0).

Kongeiiep B popme OykBbI «C». DTy cucTeMy TpaHCHOPTUPOBAHUSI OOBIYHO UCIIOJIB3YIOT
Tam, rae He TpedyeTcs Oosiblliasi BRICOTA MOIbEMa, a TPEOYETCs BBICOKASI MPOU3BOIUTEIb-
HOCTh (pucyHok 37). IlpenmyiiiecTBO TaKOM CHUCTEMBI B OTCYTCTBHU TOYKH MEPETPY3KHU
MEXKy TOPU30HTAJIbHBIMUA U BEPTUKAJIbHBIMU YYaCTKAMH KOHBEHEPOB. DTOT THUM TPaHC-
MOPTUPOBAHUS MPENOYUTAIOT MCIOIB30BaTh KAK CUCTEMY 3arpy3Ku M pa3rpy3Ku, Kak
O0pTOBOE O0OPYIOBAHUE HA CAMOPA3TPYKAIOLIUXCS CYy/laX U KaK CTallMOHapHOE 000pyo-

BAaHUE HA KPYMHBIX OPEATPUATUSX.
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Pucynok 40 JluckoBo-TpyOuarbIit
TPAHCIIOPTED

/
[
\
\\
-

JIeHTOYHBIM KOHBeilep ¢ KOBHIAMH B BH/E
Memka.. KoHBeliep, MOKa3aHHBI HA PUCYHKE
38, mpencraBisieT co00 BHYTpEHHUH pasrpy-
30YHBIM KOHBEWEP KaK OTIWYHOE CPEACTBO IS
HENPEPHIBHOTO MSTKOTO TPAHCIIOPTUPOBAHHUS C
HEOOJIBIION CKOPOCTHhIO HeaOpa3MBHBIX T'paHy-
JIUPOBAHHBIX MNPOIYKTOB, HAlPUMEP CEMSH H
rpanyn. OH COCTOUT U3 OECKOHEUHOTO psjia Te-
PEKPBIBAIOIIUX APYT APYyra KOBIIECW C BHYTPEH-
HUMHU OTBEpCTUsIMH. KOBIIM 3arpyxaroTcs U3-
HYTpPU W3 JIOTKA, MPOXOMASMIEro 4epe3 Jo0yro
CTOpPOHY KOpITyca KoHBelepa. Pasrpy3ka Moxer
OBITH C JIFOOOM CTOPOHBI KOpIyca 4epe3 JIOTOK
WJIM HEIOCPEACTBEHHO Ha KOHBEWED.

JAMcKoOBO-TPYOUYATHIH KOHBeHep. OJTOT KOH-
BEMEpP TMPOCTOM KOHCTPYKUHH COCTOUT U3
CTAJILHOTO TMPOBOJIOYHOTO KaHaTa C JUCKaMH,
PacnoyIO)KEHHBIMU Ha HEM, HA OJJTUHAKOBOM pac-
CTOSIHUM JIpyr OT JApYyra, U JABYMsI KOHECYHBIMU
3Be3/oukamMu crenuaibHol  ¢opmbl. Kopryc
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UMeEeT TpyOUaTyro KOHCTpYKIUIO (pucyHok 40). Tpoc ¢ AucKkaMu nepeMeniaeTcsi ¢ OTHOCHU-
TEIBHO OOJIBIION CKOPOCTHIO B CPABHEHHH CO CKOPOCTBIO OOJBIIMHCTBA HOpUH. [IpoaykT
3arpyaeTcsi BHU3Y, 00ObIYHO U3 OyHKepa WUJIM MPUEMHOro narpyOKa, 1 BXOIUT MEXKIY AMC-
kaMH. [IpolyKT HaxonuTcs MeXAy JUCKAMH U IIEPEMEIAETCs] C MUHUMAJIbHBIM TPEHHEM O
MOBEPXHOCTh TPYObl. Pa3zrpy3ky MO>XHO OCYIIECTBIATH C JIO00M CTOPOHBI TPYOBI yepes
naTpyOOK WJIM HENOCPEICTBEHHO Ha Apyrod koHseiep. IlomHOCTBIO 3akphiTas cucrema
paboTaeT noj JObIM YIJIOM: OT BEPTUKAJIBHOTO O TOPU30HTAIBHOrO nojoxeHus. Camo-
OYMILAIOIIASCS, KOMIAKTHAs, MPOCTasi B MOHTAXE€ M JKCIUIyaTallud MPU MUHUMAJIBHOM
MOBPEXKICHUU 3€pHA.

Kpome BrllIenepeunciaeHHbIX KOHCTPYKIUI, Ha 3J€BaTopax M CKIIaJax MIUPOKO HC-
MOJIb3YIOTCSA TPAAULIMOHHBIE TPAHCIIOPTHBIE CUCTEMbBI: HOPUH, JIEHTOUHBIE TPAHCIIOPTEPHI,
BUHTOBBIEC TPAHCHIOPTEPHI (IITHEKH ), CAMOTEUHBIE KeJ100a U TpyObl, CKPEOKOBBIE LIETTHBIE U
JICHTOYHbBIE TPAHCIIOPTEPHI.
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Jlexknus Ne 10
8 3epHocymimiku

8.1 Ocnoebl meopuu cywiku 3epna

PaccMoTpuM HEKOTOpBIE OCOOEHHOCTH CTPOEHHSI U CBOWCTB 3€pHA C TOYKHU 3PEHUS

npolecca CyIIKH.
Ctpoenne 3epHa. 3epHO MPECTABISIET COOOM MO MPUPOAE KOJUIOUTHOE, MO CTPYKTYpe —
KalMUIIPHO—TIOPUCTOE TEJIO U COCTOMUT M3 000J0YeK, 3aponblia U 3HaocnepMma. [lnomo-
BbI€ OOOJIOYKM MILIEHULIBI U PXKHU COCTOST U3 TPEX CJIOEB IUIOTHBIX OJPEBECHEBIIUX KIle-
TOYHBIX CTEHOK C OOJIBIIMM KOJIMYECTBOM MHUKPOIOP KalWJUIAPOB U IYCTOT, Yepe3 KOTO-
pbi€ mapbl BOABI JIETKO MOTYT IPOHUKATH WU YIAJSITHCA.

OcoOEHHOCTH CTPOEHUS 3€PHOBOK OBCA, SIUMEHS, pHca, TPEYUXU U IPOCa, 3aKII0-
YarolUecs: B HAIMYUHU LIBETKOBBIX IUIEHOK, @ Y HEKOTOPBIX U3 HUX M BO3AYLIHOW MPOCIIOM-
KM, TIPEIONPENETSIOT CBOEOOpa3HbIil MEXaHNW3M BHYTPEHHEIO MEPEeHOCca BIaru U ee Hhcla-
peHusl.

VY oBca M STUMEHS IIBETKOBBIE IUVIEHKH CPAILEHbI C MJIOI0BON 000JIOYKON 3€pHOBKH.
[InogoBast 0600YKa TPEUMXU HEIUIOTHO OXBAThIBAET 3€PHO, CPACTASACHh C HUM JIMUIb B OJI-
HOUM TOYKE y OCHOBaHHUs. Pa3zmep BO3AYIIHOW MPOCIONKHA MEXIY IJI0I0BOM 000JIO0UKON U
sapoM Koseonetcs B npeaenax 0,3...0,7 mwm.

OcoOEHHOCTh aHATOMHYECKOIO CTPOEHHUSI 3€pPHOBKH TIPEUYUXH Mpenonpenesuser
CPABHUTEJIBHO JIETKOE pacTpeCcKUBaHUE €€ 000JI0YEK, YTO HEOOXOIMMO YUHUTHIBATH MpU
000CHOBaHUU PEKUMOB CylIKU. [IneHka 3€pHOBKM Ipoca, MJIOTHO OXBAThIBas AIpO, HE
cpacTaercsl C HUM MO Bcel moBepxHOCTH. [loa miueHkoil nmeeTcss HeOOobIIast BO3AYIIHAs
npociuoiika. [lon BausiHHMEM TpaJMEHTOB TEMIEPATyphl U BIArOCOAEPKAHUS, BO3HUKAIO-
IIMX [pU CYLIKE, IUIEHKA MOXET pacTPECKUBAThCS, OroJisid sIpO, KOTOPOE TaKXkKe JIETKO
pacKasbIBaeTCs.

CemeHna 3epHOO00OBBIX KYABTYp (FOpOX, BUKA, COS, JIIOMUH, HYT) COCTOST U3 ABYX
CeMSI0JIEN, 3apOJBIIIEBOIO KOpeliKa, cre0eiabka U noyeyku. CBepXy CEeMsI0NH MOKPBITHI
CEMEHHOI 000JI0UKOI, COCTOSIILIEN U3 KIETOK, IJIOXO IPOMYCKAIOIIKX BIArY.

CemeHa MAacIMYHBIX KYJIBTYp IO CTPOCHHIO PE3KO OTIMYAOTCS OT CEMSH 3J1aKOBBIX

U 3epHO0000BBIX KynbTyp. CeMeHa MOACOTHEYHHKA 3aKIIIOUEHBI B IJIOJOBYIO 000JIO0UKY —
Jy3ry, KoTopasi 00JagaeT BbICOKOM T'MI'POCKONMYHOCTBIO U oOecrneunBaer ObICTpoe 00e3-
BOXKMBaHHME. MeXy IUIOOBOM OOOJOYKOW M SIAPOM HAXOAUTCS BO3MYIIHAS MOJIOCTh, KO-
TOpas 3aMeMJIAET MPOrPeB SApPa MPH CYLIKE.
Xumuveckuil coctaB 3epHa. B 3epHe conmepxkarcs O€NKH, YIIIEBOIbI, )KHPbI, MUHEPAIb-
HbIE BEIIECTBA, BUTAMUHBI U (pepmeHThI. [lof BIusiHuEM HarpeBa U MepeMelieHus BIaru B
3epHE aKTUBU3UPYIOTCS (PU3UKO-XUMUYECKHE U OMOXUMUYECKHUE MPOLECCHI, BHI3BIBAIOIINE
KOJIMYECTBEHHBIE Y KAU€CTBEHHbIE N3MEHEHUS] XUMHUYECKUX BEIIECTB.

[Ipu cyiike 3epHa MPOUCXOAMUT pa3pyLIEHUE €ro CTPYKTYphl, KOTOPOE 00YCIOBIEHO
BO3HUKAIOIIMMU 00HEMHBIMU MEXaHUUECKUMU HAIPSKEHUSIMU B CBS3U C HEPABHOMEPHBIM
pacnpeereHeM BIaru U pa3HOM CKOPOCTBIO €€ ynajieHus. Eciii TpeumHbl He HapyIaroT
3apOJBIIIEBYIO CTPYKTYPY CEMEHH, TO IOCEBHBIE KAYECTBA HE CHIKAIOTCSA. OJJHAKO TEXHO-
JIOTUYECKHE, B YACTHOCTU KPYIISAHbIE, TOCTOMHCTBA 3€pHA yXYALIAIOTCSA, TaK KaK B 3TOM
ciydyae 000JI04uKa HE MOKET CIY>KUTh HAJIE)KHOM 3aIUTON Spa OT pacKaJbIBaHUS MPH Ie-
pepaboTke.

['paHuLbl TpEEIbHO AOMYCTUMBIX TEMIIEpATYp HarpeBa 3€pHa 3aBUCAT OT MHOTHX
(akTOpOB, B TOM YHCIIE€ OT BIAXXHOCTH 3€pHA, CTENEHU €ro 3pEJI0CTH, COCTOSIHUS OEITKOBO-
ro KOMILJIEKCA, MTHTEHCUBHOCTHU TEIUIOBOI'O BO3JEHCTBUS U CKOPOCTU 00€3BOKUBAHMSL.

Cy1ikoil Ha3bIBaeTCs NPOLECC YAAJEHUS U3 MaTepuaia J00M )KUIKOCTH, B PE3yib-
TaTe Yero B HEM YBEJIMYMBAETCS OTHOCHUTEIBHOE COoepkaHue cyxoi yacTu. Ha mpaktuke
IIPU CYILIKE BJIAXHBIX MAaTEPHUAJIOB, B TOM YHCIIE€ 3€pHA, YIAJIAIOT INIABHBIM 00pa3oM BOAY,
MO03TOMY IOJI CYIIKOM MOHUMAIOT Ipolecc 00e3BoKMBaHUA MarepuanoB. [1o sHepreTuue-
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CKOMY TIPU3HAKy pa3W4yaloT JBa MPUHIUIA 00E3BOKMBAHUS: yNaJICHUE BIard 0e3 m3Me-
HEHUS U C U3MEHECHHUEM €T0 arperaTHOTO COCTOSTHHSI.

[lepBoIii mpUHIATT 00E3BOXKUBAHUS MOXKET 0aTh OCYIIECTBICH MEXaHUYECKUM CIIO-
coboM (mpeccoBaHue, HEHTPUGYTUPOBAHUE U JIP.) WU MPU HEMOCPEICTBEHHOM KOHTAKTE
BIQXKHOTO 3€pHA C BEIIeCTBAMH, UMEIOIMMUMH 0Oo0Jiee HU3KHWIA MOTEHIMad mepeHoca. Ha-
MIPUMED, ITO SBJICHNE MOKHO HAOIOAATh MPY CMENTUBAHUY CBIPOTO 3€pHA C CYXHM 3€PHOM
WM C TPaHYJIMPOBAHHBIM CHJIMKOTENIEM | T. TI. BTOpO# MpUHITUTI CYIIKK CBSA3aH C COOOIIIe-
HUEM 3€epHY TEIUIOTHI W3BHE, KOTOPAsl pacxomyeTcss Ha (ha30oBoe MpeBparieHue Biard. Ta-
Kasl CyIIIKa Ha3bIBACTCS TETUIOBOM.

Cymika sBISIeTCSl TUITMYHBIM HEOOPAaTUMBIM HECTAIIMOHAPHBIM TPOIECCOM, TIPU KO-
TOPOM BJIArOCOJEp>KaHME 3e€pHA MEHSIETCA Kak B 0ObeMe, TaK M BO BPEMEHH, a CaM Ipo-
[[eCC CTPEMUTCS K paBHOBeCHI0. OCHOBOUM TEOPHUH CYIIKH SBISIOTCS 3aKOHOMEPHOCTH TIe-
peHoca TETUIOTHI U BJIaTW BO BJIAYKHOM 3€pHE MPHU B3aMMOJCHCTBUU €r0 C HArPETHIMU Ta-
3aMH.

Baara B 3epHe. B Teopun BiIakHOE 3epHO paccMaTpuBaeTCs Kak CMECh aOCOTIOTHO CyXO-
r'O BEIECTBA U BJIATH:

M =Mc +w,
rme M um Mc — COOTBETCTBEHHO Macca BIXKHOIO M a0COJIOTHO CYXOro 3€pHa, KT;

W — Macca (KOJIM4eCTBO) Baru, Kr.

B TexHWKe M MpaKTUKE CYIIKHA TOJB3YIOTCS TPeMsl MOHATHUSIMHE, OMPENCISIONAMU
COJIep’KaHUE BIIaTH B 3€pHE: BIAXXHOCTH HA OOIIYIO MacCy, BIAXHOCTh Ha CYXO€ BEIIECTBO
U BJIaroCojiep>KaHue.

BnaxHoCcTh Ha 00mTyI0 Maccy (W) pacCUUTHIBAIOT KaK OTHOIICHHUE KOJWYECTBA Bia-
ru (W) 3epHa k 0611eit macce

w :E-IOO WV
M Mc+W

BnaxxHocTh Ha cyxoe BEMIeCTBO (W) MPEJICTABISIET COO0M OTHOIIEHNWE MAacChl BlIaru
B 36pHE K MaccCe CyXOT0 €ro BEIeCTBa, T.¢.

W, zﬂ-IOO%.
Mc

Ecnu xomm4ecTBO Biard B BEIIECTBE BHIPAXKAIOT HE B MPOIICHTAX, a B KWJIOTPaMMax
BJIaTd Ha KWJIOTPAMM CYXOTO BEIECTBA, T.€. B JOJSAX CAMHUIIBI, TO €T0 OOBITHO HA3BIBAIOT
BJIarocojiep>kaHrueM U 0003HavaroT dyepes d:

WV _we
Mc 100

dopmbl CBAI3M BJATW B 3epHe. Bnara uMmeeT pa3ziaudHbie (JOPMBI CBS3HU C TBEPJIBIM CKeJle-
TOM 3€pHa: OT caMOU MPOYHOM, OOYCIOBIECHHON MOJICKYASPHBIMU CHIIAMH, O YHCTO Me-
XaHUYECKOTO yIEep>KUBAHUS BIArd Ha MOBEPXHOCTH 3epHa. JJis ynaneHus u3 3epHa Bllaru
HEOOXOAMMO Pa3PYILIUTh 3T CBSI3H, 3aTPATUB OMPEICICHHYIO SHEPTHUIO.

I1.A.PeOunnep mpenioxun kiaaccuuiupoBaTh (HOPMBI CBSI3U BOIBI CO CKEJIETOM
TBEPJOTO Teja MpHu cylike 3epHa. CBs3b BJIard C 36pHOM XapaKTepHU3yeTCsl BEIUYMHOU
CBOOOHOM SHEPTHH M30TEPMUUYECKOTO 00€3BOKMBAHMS, TO €CTh pabOTOH, HEOOXOIMMOMH
JUTsl ynajeHus | Mouisl Ipu MOCTOSIHHOM Temmeparype 0e3 M3MEHEHHUs COCTaBa BEIlleCTBa
MIpU JAHHOM BJIarocojiep>KaHum.

Oueprus (I>x/Monb), 3aTpayeHHas Ha yjgajeHue 1 Kr/MoJb BOABI U3 BIIAXKHOTO 3€p-
Ha, OIPENEIAETCs [0 YPaBHEHUIO

E =—RTlno,
rne R — yHuBepcanbHas razoBas noctosinuas, Jx/(monb-K); ¢ — oTHOCUTEIbHAS BlaXK-
HOCTb BO3/1yXa y MOBEPXHOCTHU 3€pHA, JOJIU €IUHUIIBI.
[Ipu Hanuuuu B 3epHe cBoOOmaHOM Binarm ¢@=1 u E=0. [lo Mepe ynmanenus: Biaru
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MPOYHOCTH €€ CBSI3U C 3€PHOM YBEJIMUMBACTCS M SHEPTUs CBsI3U Biaru E Bo3pacTaer.

Cornacno knaccudukanuu [1.A. Pebunaepa, Bce popMbl CBsI3U BIaru JEsT Ha TPU
OOJbIIINE TPYHIBI: XUMHUUYECKas CBSI3b, (PU3UKO-XUMHUUECKAs CBsI3b, (DU3UKO-MEXaHUYECKast
CBSI3b.

K TepMonnHamMuueckuM mapaMeTpaM BIarornepeHoca 3epHa OTHOCATCS: MOTEHIIHA
BJIArOIepeHOca, yAelbHasi U30TEPMUYECKAsl BIArOEMKOCTh U TEPMOTPaAUEHTHBIN KOA(DPu-
uueHt. [loTeHnuanamMu BiIaromnepeHoca Ciaykar XMMUYECKUN MOTEHIHAN L U SKCTIEPUMEH-
TaJIbHBIM MOTEHIINAJ MepeHoca Biaaru 0s.

XUMUYECKUN MOTEHIMAJ [L TPUMEHSIOT B 00JACTU TUTPOCKOMUYECKOTO COCTOSIHUS
Braru. OH ONpenensaeTcsl BIArocoACpX)aHUEM M TEMIIEpaTypod 3€pHa, BbIpaKaeTcs B
JI>x/MoIb 1 IO a0CONMIOTHOM BETMYUHE TOXKIECTBEHEH dHEPruu CBs3u Biaru E.

VYHuBepcaabHBIM MOTEHIIMAJIOM BJIAromnepeHoca B 00JacTH TUTPOCKONMHYECKOTO U
BJIQXKHOTO COCTOSIHUSI TIPU JIFOOOM BJIAroCOACP:KaHUU SBIISIETCS AKCIEPUMEHTAIbHBIN MO-
TEHIIMaJ BiaronepeHoca ®»3, BeTnynHa KOTOPOTo 3aBUCUT KaK OT BIArocoJep:KaHus, Tak U
OT BHEIIHUX MapaMeTPOB — TEMIEPATYPhl U BIAKHOCTH BO3IyXa.

VYnenbHas uzorepMmuueckas BiraroeMkocTh C (Mmonb/[[X) BBeleHAa MO aHAJIOTUU C
YVACIBHON TEIIOEMKOCTBIO U CIIYKUT XapaKTEPUCTUKON BIArOAKKYMYIUPYIOIIEH coco0-
HOCTH 3epHa. {15 npakTudeckux 1eneit Bennunny C MOXKHO ONpPEeTuTh ABYMsI CIIoco0a-
MU: UCXOJISI U3 XUMUUYECKOTO MOTEHIIMAaJIa BIArornepeHoca, pacCCYuTaHHOTO 10 TEPMOUHA-
MUYECKUM YPaBHEHUSIM, PUYEM JIJIsl TUTPOCKOMMYECKON 00J1acTH | 1) |=E.
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Jleknua Ne 11

8.2 3akonomepnocmu cywiku 3epna
KpuBas cymku. OHa XapakrepusyeT H3Me-
HEHHUE CPEJIHEN BIAXKHOCTHU 3€pHA BO BPEMEHHU
(pucynok 41). [Ipu noctyrieHuu 3epHa B Cy-
IIWIBHYIO IIAXTy OHO MporpeBaercs. Brax-
HOCTh €r0 BO BpPEMsI IPOTPEBa YMEHBIIAECTCA
He3HaunTenbHO (yyacTok AB). Ilporpes 3a-
HHUMAaeT HEMHOIO0 BPEMEHH, MPOIOJIKUTEIb-
HOCTb €r0 3aBHCUT OT TEMIIEpaTypbl areHTa
cymikd. [Ipu BBICOKOW Temmeparype cragus
mporpeBa ObIBaET HACTOIBKO Maja, 4YTO OHA Ha
KpPUBOW CylIKW HE BUAHA. [0 Mepe mporpesa
Bpewms t, 4 WCIIapEHHUE BIArd U3 3€pHa YBEJIMYMUBACTCS U
BJIQKHOCTh €r0 M3MEHSETCS MO MPAMOU JIU-
Huu (ydactok BK).

[Ipn HEKOTOPOM 3HAUYEHHUM BIAXKHOCTH
(oHa Ha3bBIBAETCS MEPBON KPUTUUECKON BIaK-
HOCTBIO) MPOIECC UCTIAPEHUS] HAaUMHAET 3aMeaisAThesi. C 3TOro MOMEHTA U 10 KOHIIA MpOo-
1ecca CyIKH BIaXXHOCTh 3€pHa yMeHbIaeTcsi mo kpuBoi jaunuu (ydactok KC). B xonne
npolecca KpuBasi CyHIKH NPUOJIMKAETCS K JMHHMA PABHOBECHOW BIAKHOCTH 3€PHA Wyp.
[Ipu nocTHXKEeHUU 36pHOM PABHOBECHOM BIAKHOCTHU CYIIKY IMPEKpaIiatorT.
KpuBas ckopoctu cymkun. CKOpOCTh CYyIIKHA — 3TO U3MEHEHUE BIAXKHOCTU 3€pHA B €/1H-
Huny Bpemenu (dw/dt, %/4). KpuByto ckOpoCTH CYIIKH OOBIYHO CTPOSIT METOAOM rpadu-
yeckoro auddepeHuupoBanusi mo KpuBou cymkd. CKOPOCTh CYIIKH B JIIOOOH MOMEHT
BPEMEHHM OTPEIETSAIOT KaK TAHT'€HC yIIia HAKJIOHA KacaTeJIbHOW, MPOBEAEHHON Yepe3 TOUKY
KPUBOU CyHIKHU (CM. PUCYHOK 41), COOTBETCTBYIOUIYIO ONpPENEIEHHON BJIAXKHOCTHU 3€pHA
dw/dt = tgp,.

Bnaxxuaocts zepaa W, %

Pucynok 41 3aBUCHUMOCTb BJIaXKHOCTH 3€pHA
OT IPOAOJIKUTEIBHOCTH CYLIKH, IIPU ITOCTO-

SIHHBIX t, @, L

=
$ £ K1
- X
B °- 2
a 3
: | B R
=
3 0 B 0
g Z . & Z
o | =
< -
\4 A L Y L
Baaxuocts 3epaa W¢, % Ynansemas Biaara We-W¢,

1 — konouHbIE TENA (MPEeCCOBAaHHOE MAaKapOHHOE TECTO, Kpaxman); 2, 3, 4 — KOJUTOUAHbIE Ka-
MWUISIPHO-TIOPUCTHIE Telna (3e€pHO, XJ1el)
PucyHok 42 3aBUCHMOCTb CKOPOCTH CYIIKH OT BJIQXKHOCTU ITPOAYKTOB

Ha pucynke 42 noka3zana KpuBas CKOPOCTH CymIku. B Hawanie mponecca B cTaguu
IpOrpeBa 3epHa CKOPOCTh CYIIKU yBenuuuBaeTcs ot 0 10 MakcUMajbHOro 3HaueHus N°. B
ATOT MEPHUOJ PA3IUYHBIE TPOAYKTHI MOTYT UMETH Pa3HBIN XapaKTep M3MEHEHUSI CKOPOCTH
CyliKd. Bo3MoOKHBIE BapHaHThI MTOKa3aHbl HA PUCYHKE 42, kpuBble 2, 3, 4, Ipu 3TOM Ha-
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CTYIUICHHE TEepUoja CTaOUIU3aIlMi CKOPOCTHU CYIIIKM HACTYMAET MPU PA3HOM KOJTUYECTBE
octatouHoil Biaru (touku K1). B nanbHeiiiem ona ocraércsa noctostHHoil. [losTomy mep-
BBl MEPUOJ HA3BIBAIOT IMEPUOAOM MOCTOSHHOW CKOPOCTH CyWKU. HaumHasg oT mepBou
KPUTHUYECKOM BJIAXXHOCTH, HAa MPOTSHKEHUU BCETO BTOPOTO MEPUOAA CKOPOCThH CYIIKU CHU-
xaeTrca. Bropoii mepuoj Ha3bIBalOT MEPUOJIOM Majarolieil (yObIBaroIieil) CKOpOCTH CyIIiI-
ku. [Ipu nocTrkeHnn paBHOBECHOW BJIAXKHOCTH 3€pHA CKOPOCTh CYIIKU CTAHOBUTCSI PaB-

HOU HYIIIO.
C Temmneparypuas kpuBas (pucyHok 43). Ota kpu-
L £ Basi XapaKTEpH3yeT M3MCHEHHUE CpeIHEH TeMmepa-
@ T, K Typbl 3epHa ®Ocp B mpouecce cymku. B Hauane
% B mpoiiecca, B CTaAuu NMporpena 3epHa, (yuactok AB)
il TeMIreparypa MOBEPXHOCTH OBICTPO MOBBINIAETCH,
% JOCTUTasi TEMIIEpaTypbl MOKPOTro TepMoMeTpa hyy.
g‘ A B pnanpHeinieM Ha BCEM NPOTSKEHUU IMEPBOTO Iie-
e Wi puoJia CyIIKH TEMIIepaTypa 3epHa OCTaéTcs MOCTO-

auHoi (yuactok BK). B stor mepuos Binara ucna-
psieTcst ¢ HamOombllel ckopocThio. Bes Temora,
cooOliaeMasi 3€pHY, PacxolyeTcsi Ha UCIapeHHe
Biaru. Takum oOpa3om, IEPBbIH MEPUO CYIIKU Xa-
PAKTEPU3YETCSI HE TOJBKO MOCTOSHCTBOM CKOPOCTH CYIIKH, HO U OCTOSIHCTBOM TEMIIEPa-
TYpBI 3€pHA.

HaunHas ¢ nmepBol KpUTHUYECKOW TOYKH, TEMIIEpATypa 3€pHA MOBBIIACTCS, U MPHU
JOCTUKEHUN PAaBHOBECHOM BIAXKHOCTU OHA MPUOIMKAETCA K TeMIepaType areHTa CyIIKd
(yuactok KC). Bropoii nepuoa Cylku Ha3bIBalOT MEPUOAOM yOBIBAIOIIEH CKOPOCTH U BO3-
pacraroiiei TeMepaTypsl 3epHa.

IlepBast kpuTHUECKAs] TOUKA pa3fEiseT BECh MPOLECC CYIIKH Ha JiBa MEPHOJA, OTIHU-
YAOIIMECS CKOPOCTHIO CYIIKHA M TEMIEPATypour 3epHa. B mepBOM M BTOPOM MEPUOIAX CO3-
JAKOTCS YCIOBHS CYIIKH, IO-PA3HOMY BIIASIFOIIIME HA KAYECTBO 3€PHA.

Kputnueckas B1aXHOCTh 3€pHA (g, COOTBETCTBYIOIAS IIEPBOM KPUTUUECKOM TOUKE,
KoJIeOeTCs B JOBOJIbHO MIMpokuX mpenenax (17...24%). Ona 3aBUCHUT OT HavaJbHOU
BJIQKHOCTU 3€pHA U OT peXuMa CylIKH. Yem Bbllle HadyallbHasl BIAXKHOCTh 3€pHA, TEM
0O0JIbIIIE CKOPOCTH CYIIKU B MEPBbIA NEPHUOJI, HO TEM KOPOUE ITOT MEPUOJ, TO €CTh OOJIbIIIE
nepBasi KpUTUYECKask BIaXXHOCTh. OTMEUEHHasi 3aKOHOMEPHOCTh OOBSICHSIETCS Pa3InYHbIM
XapaKTEpPOM CBSI3M BJarv ¢ O€JIKaMU M KpaxMajioM 3epHa. | MrpOCKONMHUYHOCTh OEIKOBOIO
KOMIUIEKCa 3€pHa BBIIIE, YeM TUTPOCKOMUYHOCTh KpaxMalia, a CKOPOCTh CYIIKH OEIKOB
Hke. B 0osee Bi1axHOM 3epHE Biiara cBsizaHa ¢ OeikaMu 0osiee podHo. U XOTsS CKOpOCTh
CYLIKM B Hauyajie Mpollecca JOBOJBbHO BeNMKa M3-3a yHAaJeHUs BIard Kpaxmala, MepBbIi
nepuojl OBICTPO 3aKAHYMBAETCS, U NAJbHEHIINN XapaKTep MPOTEKaHUs Mpoliecca omnpeie-
JsieTcsl Cynkoil 0enkoBoro koMmruiekca. [lockonbKy cyliika Oenka MPOUCXOAUT C MEHbIIEH
CKOPOCTBIO, HACTYNAET NMEePUO/l YObIBAIOIIEH CKOPOCTH.

B 3epHe ¢ HM3KOI BIAXKHOCTBIO Bjlara B MEHBIIIEM KOJIMYECTBE CBsI3aHA C OEJIKaMU.
Xapakrep mpouecca B 3TOM ClIydae OINpENeNsIeTCsl CYIIKOM Kpaxmaia. XOTs CKOPOCThb
CYLIKHM MEHEE BJIXXHOTO Kpaxmalla HWXKE, UIMTEIBbHOCTh MEPBOro mepuoja OoJiblle, TO
€CTh 3HAYEHUE KPUTUUECKOU BIaXKHOCTU HUXKE. COOTBETCTBEHHO 3TOMY MEHBIIE U 001Ias
MPOJOJKUTENIBHOCTh Mpoliecca cymku. [Tockonbky O€NKU CBA3BIBAIOT BOAY MEIJICHHEE,
YeM Kpaxmall, B CBEXKEYOpaHHOM 3€pHE CBS3b BJIard MEHEE IMPOYHAs, U €ro JIETYe BBICY-
UIUTh.

OnucaHHble 3aKOHOMEPHOCTH TIpoliecca CYIIKH 3€pHAa HAOIIOMAIOTCS JIUIb TMPU
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YMEPEHHOHN TeMIepaTrype areHTa CYyIIKd MU MEIJIEHHOM ucnapeHuu Biaru. [Ipu BeicOKOMU
TeMIEepaType areHTa CYIIKH 3aKOHOMEPHOCTH MPOIIECCa CTAHOBATCS 00Jiee CIOXKHBIMH.
Hepenkxo Bech mpornecc mpoTekaeT ¢ yObIBarOIIEed CKOPOCTHIO UCIAPEHUs BIIard MpH He-
MPEPHIBHO BO3pACTAIONIEH TeMIieparype 3epHa. JTO HAOJIONAeTCs] U MPU COBPEMEHHBIX
MHTEHCUBHBIX CIOCO0aX U pexXUMaX CYIIKU, U MPU CYIIKE 3€pHA CPABHUTEIBHO HEBBICO-
KOW BIIAXKHOCTH.

CoOTBETCTBYIOIINM MOJI00POM MAPAMETPOB PEKUMA CYIIKH MOXKHO OOECIEeUUuTh €€
MOCTOSIHHYIO CKOPOCTh. Eciin, HanpuMep, mocje HaCTYIUICHUs! Ieproja yObIBaloIIel CKo-
POCTH areHT CYIIKHW HE MOoJaBaTh W MPOBECTU OTIEKKY 3€pHA, TO MOCJIE BO30OHOBICHUS
CYILIKHU CKOPOCTh BIArooTIa4u CHOBa OyJET MOCTOSIHHOM.
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Jlexnuga Ne 12

8.3 Bnasicuwiii 6030yx Kak azenm cywKu

Jlnst 3epHa HamOouiblliee paclpoCTpaHEHUE MONy4duiia TerioBas cymika. [Ipu koH-
BEKTUBHOMW CYIIKE TEIUIOTY, HEOOXOAUMYIO NJii UCHApEHUsl BJaru, 3€pHy MepeaacT areHT
CYIIIKH, KOTOPBIN COBEPIIAECT TEPMOAMHAMUUYECKYIO pabOTy, pacxoaysi CBOIO PHEPTHUIO0 Ha
WCIIapeHNE BIaru U3 3epHa. B KkauecTBe areHTa CylKHu MPUMEHSIOT BO3AYX WU CMECh €TO
C Ta3000pa3HBIMU MPOAYKTAMH CrOpaHusi TomuinBa. KoOHIIEHTpalus TOIMOYHBIX Ta30B B
3TOM CMECH OYE€Hb Malia, B 36pHOCYIIMIKAaX OHa He npeBbimaet 5%. [loaTtoMy areHT cymi-
KM M0 (PU3MUYECKUM CBOMCTBAM MOYTH HE OTIUYAETCS OT BO3AyXa.

B ecTecTBEHHBIX yCIOBUAX BO3IYX BCErAAa COAEPHKHUT HEKOTOPOE KOJIMYECTBO MAPOB
BOJIbI, T.€. MMPEACTABISAECT COOOM BIaKHBIN ra3, COCTOSIIMNI U3 CMECU CYXHX Ta30B C IapamMu
BOABl B IEPErPETOM COCTOSAHUU. B CyIIMIBHONM TEXHUKE BO3IYX IPEICTABISACTCA Kak
CMECh CYXOW YaCTH U MEPETPETOro BOAIHOTO Mapa, T.€. KAK HEHACHIIICHHBIN ra3.
TepMmonuHaMu4ecKkHre NapaMeTpbl COCTOSTHUS BJIAKHOI0 BO3AyXa. COCTOSIHUE BIaXKHO-
ro BO3JyXa OINpENEeNseTCs CIEAYIOIUMU MapaMeTpaMu: TEMIEPaTypor, HaBICHHEM,
YAEIBHBIM 00b€MOM (IJIOTHOCTHIO), BIAXKHOCTHIO, BIAroCOAEPKAHUEM U SHTAJIBITUEH.

CornacHo 3akoHy JlanpTOHA, KaKAbIM ra3, BXOAAIIMNA B COCTaB CMECH, UMEET PaB-
HYIO C JAPYTUMHU TEMIIEpaTypy, PAaBHOMEPHO 3arojHsAE€T BECh OOBEM CMECHU M HAXOIHUTCS
MOJl CBOMM COOCTBEHHBIM MapIlajibHbIM (YaCTHUUYHBIM) JIABIICHHEM, KOTOPOE MPOMOPIIHO-
HaJIbHO TJIOTHOCTH.

CnenoBatenbHO, 0OIIEE IaBICHUE BIAXKHOTO BO3ayXa P MOXKHO MpeacTaBUTh B BUJIE
CyMMBI ITapUHAIbHBIX JABICHUMN CyXoro Bo3ayxa Pc u BogsHoro napa Po:

P =Pc+ Pm.

VnenpHbI 00BeM (M'/xr) BIAYKHOTO BO3/yXa MPEACTABISIECT COO0I OTHOIEHNE 00he-
Ma BJIaXXHOTO BO3ayxa V K CYMMapHOW Macce CyXoro BO3/yXa m, U mapa my, BXOJSAIIUX B
JTAaHHBIA 00BEM, T.€.

vV, '
m, +m,g

B

V=

B pacuerax ynoOHee mosib30BaTbes YA€IbHbIM 00BEMOM, OTHECEHHBIM K Macce Cy-

XOU 4aCTH BO3AyXa
Ve = V/m..

Hacplmienne Bo3ayxa Biaroi, T.€. coAep’kaHue BOASHOTO Mapa B BO3AYXE, XapaKTe-
pusyercst abCOMIOTHON BIaKHOCTBIO.

OTHOCHUTENbHAS BIAXKHOCTD (0 XapaKTEpHU3yeT CTENEHb HACBIILEHUS BO31yXa IapoM
Y paBHA OTHOIIECHUIO KOJIMYECTBA BOASHOTO Mapa B JAHHOM O0BbEME K MaKCUMaJbHO BO3-
MO>XHOMY €0 KOJIMYECTBY MPU JAHHBIX JABJICHUU U TEMIIEPATYpE.

Bnaroconep:xanueM d Ha3biBaeTcsl Macca BOASHOro napa (r), oTHecCeHHas K 1 Kr cyxoro
BO3/yXa:

d = 1000 my/m, = 1000-p,/pe,
I1€ Py — IIOTHOCTH BOASTHOTO Mapa.

Bnaroconep:kanue moka3piBaeT, CKOJIBKO TPAaMMOB BJIard MPUXOAUTCS Ha | KT CyXon
4acTH BO3JlyXa (Macca CyXoro Bo3ayXa B MPOLECCE CYIIKH HEU3MEHHA) B JAHHOM 00beMe
BJIQXKHOTO BO3/yXa.

Bnaroconep:kanve HachIIIIEHHOTO BO3yxa d HE 3aBUCHUT OT TEeMIIEpaTyphl, T.€. IpH
HarpeBe 0CTaeTcs MOCTOSTHHBIM. Brarocoaep:kanue HachlIEHHOTo Bo3ayxa d,; yBeauyuBa-
€Tcsl ¢ pocToM Temriieparypbl. Pa3HocThs Biarocoxepskanus (d, — d) xapakrepusyer cBo-
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OO/IHYIO BIarOEMKOCTh BO3yXa — CIOCOOHOCTH MOTIIOMIATH BIIATY.

DHTaNBMUA — 3TO (PYHKIMS COCTOSTHHS BJIAXKHOTO BO3IyXa, PaBHAS CyMME BHYTPEH-
Hel SHepruu (IPOU3BEICHUIO JaBICHUS HA O0BEM).

DHTaNBINA BIAXHOTO Bo3nyxa | paBHa cyMMe SHTANBINN OTACITHHBIX KOMITOHEHTOB

d .
[=1+1,=C, - t+——"1,,
C I C 10 I

rne I, Iy, 1; — SHTAIBNHS CyXOro BO3MyXa, BOASHOIO Mapa, Meperperoro mnapa, kJK/Kr,
COOTBETCTBEHHO.

JIJ1st MpakTU4EeCKUX pacyeToB JUIsl ONPEACIEHUS SHTAIBIINU MOXET ObITh UCIOJIb30-
BaHa popmyna JI.K.Pam3una:

I = L01t + (2500 +1.88t)—3—
1000

i — d Juacpamma enasxcrnozo 6o30yxa (pucyHok 44). [lapaMeTpbl BIa)KHOTO BO3AyXa:
TeMIeparypa, OTHOCUTENbHAsS BIaXKHOCTh, BIArOCOAEPKaHUE, SHTAJIBIIUS HAXOJATCS B OIl-
PENEIEHHON 3aBUCUMOCTH JpyT OT Apyra. Ha ocHoBanuum 3toro cocrasieHa i — d nua-
rpamma.

Jlyist smydiiiero pacroyiokeHus: paboyero mojis AuarpaMmbl Ha MJIOCKOCTH YepTexa U
yao0CTBa MOJIB30BAHUS €€ CTPOSAT B KOCOYTOJbHOM CHCTEME KOOPAUWHAT OOBIYHO C YIJIOM
Mexay ocamu 135°. Tlo ocu aGcuuce OTKIIabIBAIOT BIArocoAepKaHue, o OCH OpJuHAT —
3HAUEHUS SHTAJIBIINU BIAXXHOTO Bo3nyxa. KoopnuHatHas cetka oOpa3oBaHa ceMeilCTBOM
NpSIMBIX, TApajUIeNIbHBIX OCAM KOOpAWHAT. JIMHUM TIOCTOSHHOTO BJIarocoAep:KaHus
(d=const) B 3TOM cityyae n300pa)karoT Ha AUarpaMMe BEPTHKaJIbHBIMU MPSIMBIMU, a TUHUU
MOCTOSTHHOM PHTANBIUU (1=cOonst) — HAKJIIOHHBIMU MPSMBIMU MO YIIIOM 45° K MEePBBIM.

Pabouee none pacrnonaraercsi B BepxHeil yacTu auarpammbl. HuxkHIOIO YacTh aua-
IrpaMMbl OTCEKAaIOT TOPU3OHTAIBHOM MPSMOIA, Ha KOTOPOU OTJIOKEHO BIArocojep:kaHue (B

Macmtabe 1 mm = 0,2 1/Kr). DTy JUHHUIO TPOBOIST
i ¢ = const TakK, 4ToObl B paboyee mojie auarpaMMbl MOXXKHO ObI-
JI0 3aXBaTUTh HEKOTOPYIO 00JIACTH OTPUIIATEIbHBIX
Temneparyp (MpH CyIIKe 3epHA OOBIYHO O MUHYC
15°C). Ilo ocu opavHAT OTJIOKEHBI BETWYHUHBI DH-

tanbnuu (B Macmtade 1 mm = 0,5 kJ[>K/Kr).
JIMHUS MOCTOSSHHOW OTHOCHUTENBHOW BJIAXHO-
450 ctu ¢=100% pasnenser i — d nuarpamMmmy Ha JIBE
A\ > J YaCTH: PACIOJIO0KEHHYIO BbIIIE JIMHUKM — 00JIaCTh HE-
HACBHIIIEHHOTO BO3/lyXa U HMXE ee — 00JacTh TyMa-

Ha, WM HACBIIIEHHOTO BO3yXa.

JInanto @=100% Ha3bpIBaIOT TMHHUEN HaACBIIIE-
HUSl BIQXHOTO Bo3ayxa napom. Ha i — d nuarpammy
HAHOCAT JIMHUU MOCTOSIHHOM OTHOCUTENIBHOW BIIAXKHOCTH ((=const), MOCTOSSHHOW TeMIie-
parypsl (t=const), a Tak»e BCIOMOTaTeJIbHbIE JIMHUM MapUUaIbHOrO JaBieHud. Jlunuu
(=const MOCTPOEHbI MO TOYKAM IEPECEUYCHUS] JIMHUM U COOTBETCTBYIOLIUX H30TEPM U
MMEIOT BUJI pacXoJsilerocs myuka. JlaBnenue napa u OTHOCUTENbHAs BIAXKHOCTh BO3AyXa
3aBUCAT HE TOJBKO OT BIAroCoAep>KaHus U JIABJICHUS HACBIIIEHHOIO Mapa, HO U OT 00LIEro
JABIICHUS BaxHOro Bo3znyxa P. I[lostomy s pacueToB npoueccoB Cymku i — d nuarpam-
MY CTPOSAT JIJIsl OIPEACIICHHOT0 MOCTOSSHHOTO OOIIEro JaBJICHUS.

[Ipu momoiu ararpaMMbl MOKHO IO JABYM 3aJIaHHBIM OIPEACIUTh OCTaJIbHBIC Ma-
paMeTphl BIAXKHOTO BO3yXa, UCIOJIb3Yys AJIsl 3TOTO MepecedeHrue OCHOBHBIX JIMHUM U Tpa-

t = const

Pucynok 44 i — d nuarpamma
BJIQXKHOTO BO31yXa
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¢uueckoe uHTeprnioaupoBanue. KpoMe ykazaHHBIX OCHOBHBIX JIMHUH Ha i — d nuarpamme
HaHeceHa BcrioMorarenbHasi JuHus (0T Touku d=0) ayst onpeneneHus: mapuuaibHbIX JaB-
JIEHUW BOJSIHOTO Mapa BO BIaXHOM Bo3nyxe. [{udpoBble 3HaueHUs: mapuuaibHbIX JaBiie-
HUW MPUBEICHBI B HUJKHEHW 4acTH JuarpaMMbl Ha KpaiiHel MmpaBoil BEpTHKaAIU B MacuiTade
1 MM = 100 H/v’.

CMech BO3yXa ¢ NMPOAYKTAMM CropaHus TomiumBa. B mopapmistomiem OOJIBIIMHCTBE
3€pPHOCYIIMJIOK B KQYECTBE AreHTa CYIIKH MCIIOJIB3YIOT CMECh BO31yXa C MPOAYKTAMH CIO-
paHus TOIUIMBA, MIPUMEHSISI HEMOCPEACTBEHHBIM HAarpeB BO3AyX B TOIKE, KaKk Haubolee
HSKOHOMMYHBIA METOJ IO CPAaBHEHHUIO C KaJIOPU(DEPHBIM UM UHBIMH CLIOCOOAMU MOIOTPEBa
BO3llyxa. B Temioreneparopax UCHONb3yeTCs XKUAKOE (IU3EIbHOE, TPAKTOPHBIN KEPOCHH)
1 ra3000pa3Hoe (IPUPOAHBINA ra3) TOMIUBO.

[lo cBouM (pu3nyuecKkuM CBOICTBaM CMECh BO3AyXa C TOIMOYHBIMM TrazaMu OJU3Ka K
BJIQXKHOMY BO31yXy. [loaTOMY mipu pacueTe 3epHOCYHIUIOK, pabOTaIOIIUX HA CMECH, TOJIb-
3YIOTCSI YPaBHEHUSMU U TaOMUIIaMH, COCTABICHHBIMU JJIsl BIaKHOTO Bo3ayxa. Ilpu stom
HEOOXOAMMO OIPEICIUTh BIAroCOACpPKaHUE U IHTAJBIINIO areHTa CYIIKU (C Y4ETOM CO-
CTaBa TOIUIMBA, KOJMYECTBA BO3/yXa JJis €ro ropenus). Brnaroconepxanue areHta CyIliku
3aBUCUT OT KOJIMYECTBA BJIATH B TOIUIMBE, a TAKXKE OT BIArOCOAEPKAHUSA HAPYKHOTO BO3-
JyXa, HEOOXOIMMOTO JIJIsl CTOpaHusl TOIUIMBA U TMOJYYEHHUS] areHTa CYIIKH HEOOXOAUMO
TEMIIEPaTypPBl.

OHTaNBIUIO areHTa CYIIKU ONPEACISIIoT 1o { — d AuarpaMme Wik TabiuiiaMm, KOTo-
pbl€ MOKHO HallTH B y4eOHOM U CIIPAaBOYHOM JINTEPAType MO TEIIOTEXHHUKE.
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Jlexnuga Ne 13

8.4 Texnonozuueckue 0CHOGbI CyuiKu 3epHa.

Knaccudukanus crnoco00B 00e3B0KMBAHUA MATEPHAJIOB

B ocHoBy knaccudukay METOI0B CYIIIKHU MOJO0XKEHBI CIIOCOOBI NIEpeAaun TETUIOThI
MPOCYIIMBAEMOMY 3€PHY.

B coBpeMeHHBIX yCTaHOBKax Hau0oJiee 4acTo TEIJIoTa MEPelaeTcsl 3epHy OT mepe-
MEIAIONIETOCA areHTa CYIIKH (HarpeToro BO3[yXa MM CMECH BO3AyXa C TOMOYHBIMU Ta-
3aMu), T.€. TPAJUIIUOHHBIM KOHBEKTUBHBIM METONOM. [IpM KOHBEKTHBHOU CYIIIKE 3€PHO
MOYKET HAXOIUTHCS B COCTOSIHUU MJIOTHOTO, HEMOJBUKHOIO, TPABUTALIMOHHOTO, ABUKYILE-
rocsi, ICEBJ00KUKEHHOT0, BUOPOKHUIISIIETO, MAJAl0IIEeT0 WM B3BEIIEHHOTO CJIOA.

Temnora MOXeT OBITh NEpPEaHa 3€pHY OT HArpeThIX MOBEPXHOCTEHN C MCIOIb30Ba-
HHUEM HMX TEIUIONPOBOJHOCTH. Takoil METOJ Ha3BaH KOHIYKTHMBHBIM. B KauecTBe Harpetou
MMOBEPXHOCTH UCIOIB3YIOT TPYObI, 000rpeBaeMble MapoM, TOpsiueii BOION MU Ta30M.

IIpy MCKyCCTBEHHOM YMEHBIICHUHU JABJICHUS BO3yXa HAJl BHICYIIMBAEMBIM 3€PHOM
BJlara M3 HEro UcmapsieTcss U MpU HU3KUX TeMmIiiepaTypax. Takoil MeTOa Ha3bIBae€TCs BaKy-
YMHOU CYILKOH.

Temnora MOXET COOOIIATHCS 3€pHY MOCPEICTBOM TEILIOBBIX JIy4el WM B pe3yibTa-
T€ paguanuu (COMHEYHas CYIIKAa WIM CYyIIKa UHPPaKPaCHBIMU JIydaMH). ITOT METOJl Ha-
3bIBAIOT pajgualuoHHbIM. [Ipu mHppakpacHOM 00JIy4eHUU IUIOTHOCTH TEIJIOBOTO MOTOKA
Ha noBepxHocTH 3epHa B 20 ... 100 pa3 Bblle, 4eM NMpHU KOHBEKTUBHOM CYIIKE. BO3MOXKHBI
TAK)K€ HArpeB U CYIIKA 3€pHA B 3JIEKTPUYECKOM I10JI€ BBICOKOM YACTOTBI. DTHU METOMBI Lie-
7eco00pa3HO UCIIONIB30BATh JIsl TPEABAPUTEILHOIO HarpeBa 3epHa B COYETAHUU C KOHBEK-
THUBHOM CYIIKOM.

KonTaktHast (copOLMOHHAs) CylIKa NpelHa3HayeHa sl 00€3BOKMBAHUS BIAYKHOTO
3epHa MPU KOHTAKTE C TUTPOCKONHMYECKUMH BellecTBaMu (CopOEHTaMM), HApUMep Mpu
CMEIIMBAHUM BJIAYKHOTO M CYyXOro 3epHa. B kauecTBa cOPOEHTOB MOTYT CIYXKUTh XJIOPH-
CTBIWA KJIBIIUN U PA3JINYHbIE OTXOAbI CEILCKOXO35IMCTBEHHOTO U JIPYroro MPOU3BOJICTRA.

Haubonee mnepcneKkTUBHB METOAbl KOMOWMHHUPOBAHHOW CYIIKH (KOHBEKTHBHO-
KOHTaKTHbI, KOHBEKTUBHO-KOH/IYKTHUBHBIN, KOHBEKTUBHO-PAJIUAIMOHHBIN), KOTOpPbIE HC-
MOJIB3YIOT B CYIIMJIKAX C PELUPKYISIUEH U ¢ MpeIBapUTEIbHBIM HarpeBOM 3€pHa.

K OCHOBHBIM pexnmaM CyIIKH 3€pHa OTHOCAT TEMIIEPATYPY, BIAXKHOCTb U CKOPOCTh
areHTa CyIlIKd, TEMIIEPaTypy, BIaXKHOCTb, HA3HAYCHHUE U POJI KYJIBTYpPhI 3€pHA, MPOAOTKU-
TEJIBHOCTD CYILKH.

TemnepaTypa areHTa CyIIKU SIBISETCS OJHUM W3 OCHOBHBIX MapaMeTpPOB U OMpeJie-
JsleT UHTEHCUBHOCTh HarpeBa 3epHa U UCIApEHUs U3 Hero Biaru. Beicokas Temmneparypa u
HU3Kasi OTHOCUTEJIbHAS BJIAKHOCTh MOJAaBAa€MOT0 B CYIIWJIKY areHTa CyIIKH CIIOCOOCTBY-
10T UHTEHCU(UKALIMK TTpoliecca CYIKH B 1esioM. OIHaKo 3HaYeHUE TeMIEPaTypbl OrpaHu-
YEHO HEOOXOJUMOCTBIO 00eCTIEeYeHUsI COXPAHHOCTH U YIYyUIlIeHHs KauecTBa 3epHa. Brico-
Kasi OTHOCHUTEJIbHAS BIAXXHOCTh U HU3Kasl, NpUOIMKAIOIIAsICS K TeMIeparype 3epHa B Cy-
IIWIBHOM 1IaXTe TeMIlepaTypa OTpabOTaBIIEro areHTa CYIIKU SIBISIOTCS CBUAECTEIHCTBOM
MaKCUMAaJbHOIO UCMOJIb30BAHUS €0 CYIIMIBHOW CIOCOOHOCTH KaK TETJIOHOCUTEIIS U BJla-
TOMONIOTUTEIIS U CITy>KaT KPUTEPUEM SKOHOMHYHOCTH MPOLECCA.

BraxxHocTh 3epHa OKa3bIBa€T CYIIECTBEHHOE BIUSHUE HA BBIOOpP TeMIEpaTypHBIX
PEKHUMOB CYIIKU. T€pMOYCTOMYHMBOCTD 3€pHA, XapaKTepuzyemas MPEAEIbHO TOIMYCTUMON
TEMIIEPATypOr €ro HarpeBa, B OOJBIIEH CTENEHU 3aBUCUT OT HayaJbHOW BIAXKHOCTHU: YEM
OoJIbIIIE BIAXHOCTh 3€pHA, TEM MEHEE OHO TEPMOYCTOMYHMBO, U HA0OOPOT.
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TpeGoBanus, npeabsBisgeMble K 3¢pHOCYIIHIKAM
Cymika 3epHa — TEXHOJOTMYECKHN MPOLIECC, HAITPABICHHBIN Ha MOJHOE COXPaHEHHE,

a B HEOOXOJIUMBIX ClIyyasX M YIy4yllIeHHE KauyeCTBa 3€pHA B COOTBETCTBUU C €0 Ha3Haye-

HUeM. B CBsI3U C 3TUM KOHCTPYKIMU 3€PHOCYIIWIIKU JTOJDKHBI, MIPEXKIE BCETo, o0ecredn-

BAaTh:

O PaBHOMEPHBIM HAarpeB M CYIIKY 3€pHa NPU HAJAECKHOM KOHTPOJIE TEMIIEPATYPHI U BIAXK-
HOCTHU B MPOLIECCE CYIIKH, MPU ITOM JOJKHBI OBbITh UCKIIFOUYEHBI MEXaHUYECKOE TPaB-
MUPOBAHUE U MOTEPHU MOJHOLIEHHOTO 3e¢pHa (YHOC OTPa0OTaBIIMM areHTOM CYIIKH);

O JIOCTaTOYHO BBICOKYIO MPOU3BOJUTEIBHOCTD, JOJIKHBI OBITh SKOHOMUYHBIMU IO YIEIb-
HBIM PAacXO/laM TOIUIMBA U 3JIEKTPOIHEPIUH, UMETh BO3MOXKHO MEHBIIYI) METAJIIIOEM-
KOCTb;

O BO3MOXHOCTb OJJHOBPEMEHHOM CYIIIKH 3€pHA C PA3JIMYHON HAYAJIbHOM BIAXKHOCTBHIO;

o 3¢ deKTUBHOE OXJIAXKICHUE MTPOCYIIICHHOTO 3€PHA;

O 0e30MacHOCTh HKCILTyaTalNH JJIsl 4YeJIOBEKa U OKPYXKAIOIIEH Cpeibl.

Kaaccupuxanus 3epHOCY LIMJIOK

3EPHOCY LUK 3EepHOCYIIUIIKM  KJIACCH-
bunupyroTcss 1Mo pazHooOpas-

HBIM TIPUHITUIIAM, Ba)KHEHIITH-

CranpoHapHELe Tepenpinkibe MU U3 KOTOPBIX SIBIISIFOTCSI: CITO-
co0 MoaBOMa TEIUIOTHI K MPO-

CYLLINBAEMOMY 3€pHY, COCTOS-
Ilepronnueckoro neictsus || HenpepbIBHOIO NEUCTBYUA| HUE 3€pPHOBOrO CJIOSI, KOHCT-

[ pyKIMs CYIIWJIbHOW (Harpesa-
IIpstMOTOYHBIE PelMpKyIsSIUoHHble | TEABHOM) MIAXTHI, PEXUM U
OPUHIUO pabOThl, KOHCTPYK-
| | I | TUBHOE HCIOJHEHUE (PUCYHOK
45).

[MaxtHeie | | bapabannsie | | Kamepusie]| [TneBMOTPYOBI

B OonpmmHCTBE COBpe-

Pucynoxk 45 Knaccudukaius 3epHOCYITAIIOK MEHHBIX 3C€PHOCYIIHMIOK HC-
MOJIb3YIOT KOHBEKTHUBHBIM METOHA CYIIKH NPHU PA3IUYHOM (HEMOABUXKHOE, JBUXKYILEECs,
MICEBI00KMKEHHOE WIIA B3BEIIIEHHOE) COCTOSIHUU 3€pPHOBOTO ¢J10si. KOHAYKTHBHBIN cr1OCO0
MOJIBOJIA TEIUIOTHI UCMOJIb3YETCS B CYIIMIIKAX C PEUUPKYIALMEN 3epHa, B KOTOPBIX TEIIO-
Ta, MOABEACHHAS K 36pHY KOHBEKTUBHBIM ITYTEM, B XOJ/I€ CYLIKH IIEpepacipeieiieTcs B pe-
3yJIbTaTe KOHIYKTUBHOTO TEIJIOOOMEHA MPU CMEIIMBAHUU PELUPKYIUPYIOLIETO HArPETOro
(cyxoro) u X0JI0IHOTO (CBEKET0) 3epHa.

[lo pexuMy 1 0COOCHHOCTSIM MPUHIUIIA PAOOThI CYIIUIIKHU JEISAT Ha MEPUOIUYECKU
JEUCTBYIOIIKE (B KOTOPBIX 3€PHO 3arpyaloT B CYyIIWJIbHYIO KAMEPY, BHICYIIIUBAIOT /10 Tpe-
Oyemoil BIaxXHOCTH 0€3 MEePEMEILICHHS, a 3aTEM MOJTHOCTHIO BHITPYXKAIOT), HA HEMPEPHIBHO
JEeNCTBYIONIKE (B KOTOPBIX 3€PHO B MPOIECCE CYIIKH MEPEMEIIAETCS] OT MECTA 3arpy3Ku K
MECTY €ro BBITPY3KH), Ha MPSMOTOUYHBIE (B KOTOPBIX 3€PHO MPOXOJIUT Yepe3 CYIIHIbHYIO
KaMepy OAMH pa3) U Ha PEUUPKYISIIMOHHBIE (B KOTOPBIX YaCTh MPOCYIIEHHOTO 3€pHA BO3-
BpAIlla€TCsl U CMELIMBAETCS CO CBEKUM, MOCTYNAIOIINM Ha CYIIIKY 3€PHOM).

VYyuuThiBasi OrpaHUYEHHBIN 00bEM JAHHOTO YYEOHOr0 MOCOOMs, Mbl HE UMEEM BO3-
MO>XHOCTH MO3HAKOMHTBCSI CO BCEMH CYIIWJIKAMU, IPUBEAEHHBIMU B KiacCU(UKALUA Ha
pucynke 45. PaccMOTpUM TOJBKO T€ M3 HUX, KOTOPhIE HAMOOJIEe YACTO MCHOJIb3YIOTCS Ha
MpEANPUITUSX, CBA3aHHBIX C MEpepadOTKON U XpaHEHHEM 3epHa.
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Jexknus Ne 14, 15

8.5 Texnuka cywiku 3epua

HIaxTHBIE 3¢epPHOCY IMJIKHA

Ha xneConpuémMHBIX U 3epHONEpepadaThIBAIOIIMX MPEANPUITHIX, a TAK)KE B X035i-
CTBax MIMPOKOE PACIPOCTPAHEHUE MOTYYHIIN IIAXTHBIE 36pHOCYIIUIKA. CKOPOCTh JBUXKE-
HUA are’Tta cymku B cioe 3epHa 0,2...0,5 M/c; CKOpOCTh IBUKEHUS 3€pHA B IIAXTE BO MHO-

IO pa3 MEHbIIE CKOPOCTH areHTa CYLIKH.
B maxTte ycraHoBiI€HBI KOpoOa, HMEIOIIUE
100...13 CBEpPXY HAKJIOHHBIC TPaHH, IO KOTOPBIM CKOJIb3UT
3epHO. YIroJl HaKJIOHA TpaHed K ropu3oHTy 53...55°.
j 200..30  Pagmyc 3akpyriieHHs y BEpXHEW 4acTU Kopoba He-

D I OonbIoi (He Oosiee 5 MM), JiE TOTO YTOOBI 3€PHO B
\Ej X(j ( (1 HEM He 3anerano. KopoOa, mo KOTOpbIM areHT CyIIKH
f

> N\
—/

nmoaar0T B CYIIHMJIIBHYIO HIAXTYy, HA3bIBAIOT IIOABOIS-
MKUMH, a 9CPEC3 KOTOPLIC BEIBOAAT — OTBOAAIIMMU.

— 7T

(W r K rﬁ Kopoba co cTopoHbl MoJBOAAa areHTa CYyIIKU

(W (j - OTKpPBITBI, & C APYroMl CTOPOHBI 3aKpbIThl. OTBOIS-
\2 e kopo0a, Ha00OPOT, OTKPHITHI CO CTOPOHBI BHIXO-

na areHTa cymku. [logBogsiue u OoTBOAAIINE KOPO-

1 0a B OOJIBIIMHCTBE YepEeaYyIOTCA Yepe3 onuH psij (pu-

1 — moxBopsHe KOPOOa; 2 — OTBOAS-  cyHOK 46). ATeHT CYIIKH, MOCTYIAs U3 TOIMKU B TIOJI-
e Kopoda BOJAITIIME KOpoOa, MPOHMU3BIBAET CIION 3epHA M IPO-

Pucynok 46 Cxema JBUKEHHSI areHTa
CYLIKHU B IIAXTHBIX CYIINJIKaX

XOMUT B BEPXHUU WM HWDKHHUU Psii OTBOASIIUX KO-
pOOOB, OTKyZa €ro BBIBOAAT HapyxXy. Uncio oTBOmS-
ITMX ¥ TTOABOIAIINX KOPOOOB OOBIYHO OJMHAKOBOE.

[TpaBuIbHOCTH BEIOOpA YKCIIA OTBOSAIINX KOPOOORB OMPEACISAIOT 0 hopmyIie:

Q
3600-v-F’
rme  Q — 00bEM oTpaboTaBIIEro areHTa CyIIKU MPHU BBIXOJIE U3 KOPOOOB, M/4; U — CKO-
POCTh OTPa0OOTABIIIETO areHTa CYIIKH B OTBOIANINX KopobOax, m/c; F — mmonrane nmomeped-
HOTO CEUCHHSI OTBOMIIETO KOPOha, M.

Pacnonoxenne KopoOOB JODKHO OOecTedYrBaTh CBOOOAHOE IMPOXOXKIACHUE 3EpHA.
OmHako OOJIBITIOE PACCTOSTHUE MEXAY KOPOOaMU YBEIMYHUBAET TONIIUHY 3€PHOBOTO CJIOS U
CHI)XAeT PaBHOMEPHOCTh CYIIKH, B TaK)K€ TMOBBIMIAET COMPOTHBIEHUE ciios. [loaTomy B
COBPEMEHHBIX 3EPHOCYIIMIKAX PACCTOSHUE JI MPOXOXKICHUS 3€pHAa B HambOojee y3KOM
MecTe 00b1yHO AenatoT He Oosee 90...100 mm. [Hupuna kopo6oB — 100 MM, 4TO MO3BOISET
0oTOMpaTh U3 HUX MPOOY AJIsl ONpe/IeTICHUS TEMIIEPATyphl HarpeBa 3epHa.

BepxHot0 9acTh maxThl UCMIONB3YIOT KaK CYIIFJIBHYIO, a HIDKHIOI — KaK OXJIa/IH-
TeapbHYy!0. KOHCTpYKIHS CyIMMIBHON M OXJIAAUTEIILHON MIaXxT OJWHAKOBasi. Bpems mpeOni-
BaHUS 3€pHA B CYIIMJIBHOW IIaXT€ PETYIUPYIOT CIICIHAIBHBIM BBIITYCKHBIM MEXaHU3MOM,
pPacToNIOKEHHBIM B HIDKHEH e€ dacTu. UeM MeJjIeHHEe BBITYCKAIOT 3¢PHO U3 MIAXTHI, TEM
00JIBIIIe BPEMEHU OHO HAXOMWTCS B HEH MO EHCTBUEM areHTa CYIIKH U, CIE0BATEILHO,
6ombire BeicymmBaeTcs. [Ipu 6omee OBICTPOM BBIMTYCKE 3€pHA U3 MAXTHI BIAXHOCTH 3€pHA
CHUKACTCS] MEHBIIIC.

[IIaxTHBIE CYIIMIIKH MOTYT paboTaTh MO pa3pekKeHUEM WM MPU HU30BITOYHOM JIaB-
nenuu. O0a crocob6a UMEIOT MOJOKUTENIbHBIE U OTPUIIATEIbHBIE CTOPOHBI, HO Ha (Pdek-
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TUBHOCTh CYIIKH OHU TMOYTH HE OKa3bIBAIOT BIUSHMUS, TaK KaK CO3/]JaBA€MOE BEHTUJISITOpA-
MU pa3pexkeHue B 1axrte (mpu padoTe Ha BCAaChIBAHHME) WM M30BITOUHOE AaBiieHUE (Mpu
paboTe Ha HarHeTaHue) 1o cpaBHeHuto ¢ atMochepubiM (981 I'Tla) neBenuko: 5...10 T'Tla.
CoBpeMeHHbIE CYIIUIKU BBICOKOW MPOU3BOJUTEILHOCTUA pa0OTAIOT O] U30BITOUHBIM J1aB-
JeHueM. JTo Ta€T BO3MOXKHOCTH 00siee y100HO pa3MECTUTh BEHTUIISITOPHI.

JIist cTyneH4yaThiX peKMMOB CYLIKHM CYIIMJIBHBIC IIAXTHI Pa3/IeNsaiOT Ha 30HBI (JIBE
unu tpu). [Ipu pabote cymmiaku mojx n30bITOYHBIM JIABICHHUEM KaXKIYI0 30HY 00CTYKUBa-
€T CaMOCTOSITENbHBIN BeHTUATOP. [Ipu paborte cymuiku noj pa3pekKeHUEM OJUH BEHTH-
JATOP OOCTYKUBAET JABE 30HBI.

B 3akitoueHue nepeurnciuM HEKOTOPhIE TUTIBI CYIIECTBYIOIIUX CYIIUIIOK:

3eprocymunku JCII-12 (16, 20, 24, 32 u 50 1/4) AByXCTyneH4arble pa3padoTaHbI
[MTHUNnpoM3epHONPOEKT ¢ TOMKaMHU HA KUJKOM TOIUIUBE.

3eprocymunku C31I-16 u C3II-8 — 310 yHUDUIIUPOBaHHBIE CYIIWUIKH, MPEIHA-
3HAYEHHBIE IS CYILIKHU 3€pHA U CEMSIH, IByXCEKIIMOHHBIE U YETHIPEX CEKIIMOHHBIE.

Ilepensuxknas 3epuocymunka K4—-YCA paspabotana Ha 6a3e cymminku 3CIDK-S,
MMeEEeT NMPOU3BOJUTENLHOCTH 10 T/4.
3epHOCYIIMJIKH ¢ peHMPKYJIsLel 3epHa

Hcnonbs3yemble B HACTOAIIEE BpeMs MPSAMOTOYHbBIC IIAXTHBIE 3€PHOCYIIMIKUA MPO-
CThI 10 KOHCTPYKILIUH, YIOOHBI B 00CITYKMBaHUH, HAAEKHBI B paboTe, 00J1a1al0T CpaBHU-
TEJbHO BBICOKMMHU TEXHUKO-DKOHOMHUYECKUMH ToKazaTesasiMu. OJHaKO MX KOHCTPYKTHUB-
HbIE HEIOCTATKU (HECOBEPIICHCTBO BBHIMTYCKHBIX M BO3AYXOPACMIPEACTUTEIbHBIX YCT-
POICTB, HEOCTATOUYHOE MEpPEMEIINBAHUE 3€pHA MPU CYIIIKE) IPUBOAAT K HEPABHOMEPHO-
CTH HarpeBa U CYIIKU 3€pHa Pa3IuYHON BIQXXKHOCTHU UM CHUXKEHMIO BJIAXXHOCTHU 32 OJMH
nponyck Ha 6%. [ToaToMy 10 HampaBiieHUs HA CYIIKY (POPMUPYIOT NAPTUU 3€pHA CO CpaB-
HUTENBHO HEOOJIBIIMMU KOJICOAHUSIMU BIAXKHOCTH.

OTHU HEOCTATKU YCTPAHEHbl B 3EPHOCYIIMIIKAX C KOMOMHUPOBAHHBIM CIOCOOOM
CYIIKH, MOTYYHUBIINX Ha3BAHHE PEUUPKYISIIUOHHBIX. DTH CYIIUIKA 00€CIIEYUBAIOT: CyII-
Ky 3€pHa ¢ I0BEJeHUEM A0 TpeOyeMbIX KOHAUIMN HE3aBUCUMO OT MEPBOHAYAIBHOMN BIaX-
HOCTHU MPU COXPAHEHUU KAaueCTBa 3€pHA; CMEUIMBAaHME Mepe] Mojavyeil B CYLIUIIKY 3epHa
pPa3IMYHOMN BIAXKHOCTH U MOJTYyYEHHE PABHOMEPHO BBICYLIEHHOTO; (JOpMHUpPOBAHUE MAapTUI
3epHa MO MPU3HAKAM, ONPEEISIONIMM €ro MUILEBbIE U TEXHOJOTMYECKHE JIOCTOUHCTBA;
MoJlayy B CYLIMJIKY 3€pHa 0e3 IMpeABapUTEIbHOM OYUCTKU (UCKII0Yasi rpyOble MPUMECH U
KPYIHBbIE WHOPOJHBIE MPEAMETHI, yIAIsieMble B BOPOXOOYHCTUTEIIE); OUYHCTKY 3€pHa B
MpoIleccCe MPOMYyCKa €ro Yyepe3 3epHOCYIIUIIKY C BblJeIeHUEM NErkux npumecen (3ddek-
TUBHOCTh OYMCTKHU MPUMEPHO PaBHA MPOMYCKY Yepe3 cemaparop); CHUKEHHUE pacxojia To-
IJIMBA M 3aTpar Ha CYIIKY 10 CPABHEHMIO C MIAXTHBIMU CYIIHIJIKAMU; 00Jiee BBICOKYIO CTe-
MEHb aBTOMATHU3AIlUH.

3epHOCYUIUIIKH C PEHUPKYISAIHUEH MO KOHCTPYKTUBHOMY HMCHOJHEHHIO U CIOCOOY
HarpeBa 3epHa MOXXHO Pa3AEJIUTh HA YEThIPE TPYIIbl: THEBMOra30BbIE, PELUPKYISIIHOH-
HbIE C IPOTUBOTOYHBIMU KaME€paMH HarpeBa, MIaXTHHIE PEUUPKYISIIUOHHBIE U PELIUPKYJIS-
MOHHO — M3oTepMuueckue. Hambombliiee pacnpocTpaHeHUE MOTYUYUIIA PELUPKYISIIUOH-
HbIE€ C MPOTMBOTOYHBIMU KaMe€paMH HarpeBa M IIAXTHBIE PELUPKYISLIUOHHBIC CYIIHJIKU.
[THeBMOra3oBbie 3€pHOCYIIMIIKM M3—3a 3HAYUTEIBHOTO PAcXo/a AJIEKTPOIHEPTUHA HA CyII-
Ky IIPY UCHOJb30BAaHUU MMHEBMOTPAHCIIOPTA JJIsl OJBEMA 3epHA ObLIM MOCTPOCHBI B €/1U-
HUYHBIX 3K3EMIUISIpaX, UX B HACTOSIIEE BpEeMs HE U3TOTaBIUBALIOT.

PeuupkynsiiinoHHas 3epHOCYUIMIIKA C MPOTUBOTOYHOM KaMepoW HarpeBa (PUCYHOK
47) COCTOUT U3 ONEepaTHBHOTO OyHKepa, MPUEMHOTO OYHKEpa C YCTPOMCTBOM JIJIs 3aTPy3KU
KaMepbl HarpeBa, TEIJIOBIArOOOMEHHUKA, JABYX OXJIAJUTENbHBIX MIAXT (IIPOMEKYTOUYHOIO
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K OKOHYATCJIBHOIO OXJ'Ia)KI[CHI/IH), KaMCPbI HAarpcBa BBIITYCKHOTO YCTpOfICTBa, TOIIKHM Ha
ZKHNIOAKOM TOILIMBEC, BeHTI/IHHHHOHHOﬁ CHUCTCMBI U peHHpKYHHHHOHHOﬁ HOpHHU W HOPHUHU JIA
CyXO0ro 3¢pHa.

3epHo, MOIeXKAIIEee

3 CYyILlIKe, MOJAl0T B OIEpaTUB-
i - Mpocymen- ~ HBIA OyHKEp, U3 KOTOPOTO pe-
HOCSEPHO nupkynsauMoOHHAs HOpUA Hepe-
Ta€T ero B MPUEMHBIN OYHKep.
3epHO MpPOIYCKAKT Yepe3 Ka-
Mepy HarpeBa M 3arpyxaroT UM
TEIUIOBIATOOOMEHHUK HW  00¢e
IaXThl; MOCJE 3TOr0 Mojady
CBIPOTO 3€pHa MpEKpaIllaloT U
pPEryaupyroT YCTPOMCTBO MOJA-
Yd, J0OMBAasICh PaBHOMEPHOTO
HaIpaBJ€HUsI 3€pHa B KaMmepy
HarpeBa mo €€ ceuenuto. Op-
HOBPEMEHHO  PEryIHpYIOTCS
| Amociep- YCTpOMCTBA JJIsi BBIMYCKa 3€p-
® HEIH BO3TYX Ha wu3 maxt. Ilocme »3rtoro
' BKJIIOYAIOT B PabOTy BEHTHUIIS-
TOp KaMepbl HarpeBa U TOIIKY.
JloBenast HarpeB 3epHa 110 J0-
] IMyCTUMOMN TEMIIEPATYPBl,

i Cyxoe 3epHO '
1 — onepaTuBHbIii OyHKep; 2 — TONKA; 3 — pelMPKyIsAnuon- ~ BKIFIat0T BEHTHJIATOPRL OXJia-

Hasi Hopus; 4 — IpuEMHBIIA OyHKep; 5 — kKamepa HarpeBa; 6 — HAHTCIBHBIX IHAXT.

CaIpoe 3epHO Y
ﬁ

1—

TEIJIOBIATO0OMEHHUK; 7 — MAXThl TPOMEKYTOIHOTO OXJIaXK- BiaxxHOCTB CBIpPOrO 3ep-
NEHUs; 8 — HOpUS JJI CyXOro 3epHa; 9 — BEHTWIATOp KaMe- Ha B CYIIMJIKE CHHXKACTCS 0
pbl HarpeBa; 10 — BEeHTUIIATOPHI WIAXT OXJIaxAeHus; 11 —  3agaHHON B pe3ynbrare MHOIO-
[IaxTa OKOHYATCIIbHOTO OXJIaXKACHUS KparHOM 1upKysinuu. [locne

Pucynok 47 Texnonornueckas cxema peUUPKYISAUMOHHON  qocTHIKEHHMS 3aJaHHON BIIAXK-
3€pHOCYLIWJIKHU C IPOTUBOTOYHOM KaMepoil Harpesa HOCTH 3€pHO BBIYCKAIOT U3

IaXThl OKOHYATEJIBbHOTO OXJIaxJeHUsl. OJHOBPEMEHHO W3 ONEpPaTUBHOIO OyHKEpa B pe-
HUPKYJISALHUOHHYI0 HOPUIO MOJAIOT ChIPOE 3€pHO B 00bEME, PABHOM BBHIMYIIEHHOMY U3 CY-
muiaky. CMEmuBasch C peUPKYIUPYEMBIM, CBIPOE 3€PHO MOCTYNAET B KAMEPY HArpeBa.

B Hel areHT cymikuy, IBUMXKYIIUKCS CBEPXY BHH3 B HAIIPABJICHUH, IPOTUBOMOJIOKHOM
JIBUKEHUIO 3€pHA, HarpeBaeT ero. M3 He€ 3epHO MOCTyMaeT B TEIUIOBIAroOOMEHHHUK, IJIe
HaxXOAUTCS OKOJO 15 MUHYT. B 3T0 Bpemsi mpOUCXOAUT MHTEHCUBHBIN BIaro0OOMEH MEXKy
OTIENbHBIMU 3€pHAaMHM WM BBIpaBHUBAHHE TemImepaTyphl. [locie TemnoBiarooOMeHHUKa
3€pPHO Pa3eIISOT Ha J1BA MOTOKA: OJIMH HANPABJSAIOT B IAXTY MPOMEKYTOYHOIO OXJIaXkK/Ie-
HUSL I JAJIbHEUIIEH PEUUPKYISLNH, a IPYrOd — B IIAXTYy OKOHYATEIIBHOTO OXJIAXKICHUS.
[Tociie OKOHYATENIBHOTO OXJAXICHHS MPOCYLMICHHOE 3€PHO JOKHO HMETh 3aJaHHYIO
BJIAKHOCTb.

B ocHOBHOM Bnara u3 3epHa yaajsieTCs B OXJIAAUTEIbHBIX MIAXTaX IMOJ JCHCTBUEM
TEIUIOTHI, MTOJIyYEHHON B KaMepe HarpeBa. B Hel 3a OAuH MpOXOH BIAXKHOCTh 3€pHA CHU-
xaercs Ha 0,2...0,4 %, a B maxrax oxnaxaeHus — Ha 0,8...1,2 %. 111 1ocTHXeHUs: 36pHOM
3aJJaHHOW BJIAXXHOCTH W3 IIAXThl MPOMEKYTOYHOTO OXJIAXKACHUS €r0 BO3BPAILAIOT HA pe-
nUpKysannio. ChIpo€ 3€pHO CMEMIMBAKOT C PEUUPKYIUPYIOIIMM B TAKOM COOTHOLICHHH,

66



YTOOBI CpEHEB3BEILICHHAS BJIAXKHOCTh CMECHU IMPEBBIIIANa KOHEYHYIO BIAXKHOCTh HA BbI-
XOJ1€ U3 CYNIWIKY Ha BEJIMYMHY CPEIHEB3BEIICHHOTO CHUYKEHHUSI BIaXKHOCTH 32 OJIUH LIHKJI.
TemnepaTypa oTpaOOTaBIIIETO areHTa CYIIKU JOJKHA ObITh OJIM3Ka K TeMIeparype 3epHa B
KaMepe Harpesa.

PabGoTta peuupKymsIIIMOHHBIX CYIIMJIOK XapaKTEPU3YeTCs KPATHOCTHIO CMEIIMBAHUS
iy kodhuimeHToM perupkyaauui. COOTHOIIEHUE MEXKy KOJIMYECTBOM CMEIIMBAEMOIO
CBIPOTO U PEUUPKYIUPYIOIIETO 3€pHA 3aBUCHUT OT HAYaJIbHOM BIAXXHOCTU U BEJIMYMHBI €€
CHUKEHUS 32 OJIUH LUK (HarpeB — OXJIAXJEHHUE); €ro Ha3bIBalOT KPATHOCTHIO CMEILICHHUS.
DTO COOTHOILIEHHE MOKA3bIBAET, BO CKOJIIBKO pa3 pacxoj PELUPKYIHPYIOUIEr0 3epHa Mpe-
BBIIIAET PACXOJ CHIPOro. B 3aBUCHMOCTH OT KPaTHOCTH CMEILIECHUSI CKOPOCTh JIBHUKECHHS
3epHa B IIaXT€ MPOMEKYTOYHOTO OXJIAXKJACHHUS B HECKOJIBKO pa3 OOJbIlIe, YEM B IIAXTE
OKOHYATEJIBHOTO OXJIAXKICHUS (TIPU ONTUMAIBLHOM PEKUME B 6...7 pas).

Kparnocte cmemenus

rie  Gp — Macca HampaBIIIEMOr0 Ha PEeLMPKYISIUIo 3epHa; G — Macca ChIporo 3epHa,
MOCTYMNAIOIIETO B CYIIUJIKY.
Kosddunmenrom peunpkymsiiuu N Ha3bIBalOT OTHOIIEHUE MACChl CMECH CBHIPOTO 3€pHA U
peunpkynupyrouero 3epHa Gey kK Macce ceiporo 3epHa Ge:
N:GCM :GC +Gp .
Gc Gc

Macca cMmecu 3epHa B IIpoliecce dKCIUTyaTallui PEUPKYISIUOHHBIX CYIIHIOK — Be-
JUYUHA TIOCTOSIHHAS, a Macca ChIPOro 3€pHA U3MEHSIETCSI B 3aBUCUMOCTH OT PEXKUMA CYIII-
KU U BEJIMYMHBI CHIKEHUS BIQXXHOCTH. Mexay mokazareiasiMu N U n CYyIIECTBYET cClie-
AyIoIas 3aBUCUMOCTb:

Gp +G _ Gp N Gc
Gc Ge Ge
JIyist TOTO 94TOOBI OMIPENETUTh BETUINHY N, HAJ0 3HATh MACCy CHIPOTO 3€pHA, IMOCTY-
MAIOIIET0 HE PEIHUPKYISIINI0, BIAXKHOCTHh CHIPOTO 3€pHA (¢, BIAKHOCTH PEIUPKYIUPYIO-
IETO 3epHA MWp U BIAXKHOCTh UX CMECH (Ocy. BETUYMHY N MOYKHO OTIPECIIUTh U3 ypaBHE-
HUA GCCOC + nGccop = GCMCOCM.
3amenuB Gey Ha (Ge + nGe), mocne npeoOpa3oBaHUs MOTYYUM:

N= =n+1.

n=2¢ —®em
®Ocm — Op

B peunpkynsMoOHHBIX CYIIUIKAX Bllara U3 3€pHa UCTApsIeTCS B OCHOBHOM B MEPUO/
ero oxjaxjaeHus. [loaTomy 3epHO B Mpoliecce CYIIKU MOJTHOCTBIO COXPAHSIET Ka4eCTBO.
bapabannas cymmiaka C3Cb-8

Cymika craiiioHapHasi, HEIPEPHIBHOTO JEHUCTBUS, pabOTaeT MO pPa3pe:KEHUEM.
HampapneHnue ABUXEHUS areHTa CYIIKU MpsSMOTOYHOE. [IpOM3BOMUTENBHOCTh MPU CYIIIKE
MIPOJIOBOJILCTBEHHOI'O 3€pHA 8 T/4 MPU CHUXKEHUH BIaXXHOCTH ¢ 20 10 14 %.

Cymmuika COCTOUT M3 TONKH, padOTarolie Ha >KHAKOM TOIUIMBE, BPaIalOIIEerocs
Oapabana, 00OpyIOBaHHOTO CHEIMALHBIMU JIONACTSIMU C MOJOYKaAMU JJis MepeMellnBa-
HHUS 3€pHA, OXJIAAUTEIBHOW KOJIOHKH, 3arpy304HOM M pa3rpy304HOM Kamep, MEXaHu3Ma
MpUBO/IAa CylIUIbHOrO Oapabana. OH cHapyX u UMeeT JiBa O0aHIaka, KOTOPbIE OMUPAIOTCS
Ha YeThIpe Maphl POJIUKOB, MPUBOASAIIMX Oapaban Bo BpamieHue. JlnuHa Gapabana 8000
MM, nuametp 1600 mm. Hactora BpamieHust § 00/MuH.
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Ha oxnmagurens- J
HYIO KOJIOHKY

— = 3epHo
——"> AtmochepHbIil BO3TyX
mmm——)p  ATCHT CYIIKH

U Tonounbie rassl

1 — Tonka; 2 — 3arpy3o4Hasi TpyOa; 3 — 3arpy3ouHas kamepa; 4 — nogbEMHO—JIONACTHAS
cUCTeMa; 5 — CyIIUIbHBINA OapabaH; 6 — BEHTWISATOP CyHIMIbHOTO Oapabana; 7 — UII030-
BOM 3aTBOP
Pucynoxk 48 TexHnonorunueckas cxema 6apadannout cymmiku C3Chb—8

OxutanuTenbHasi KOJOHKA MpEACTaBisieT cOOOW JBa BEPTUKAJIBHBIX IIIMHApPA pa3-
HOTO JuaMeTpa ¢ nepdOopupOBaHHBIMU CTEHKaMH. Mexay HMWIMHAPAMU MEepeMellaeTcs
3€pHO, KOTOpPOE OXJIAXKJaeT MPOAYBAeMbIl yepe3 Hero arMmocgepHsiii Bo3ayx. luamerp
HapyxHOTO mrwmHApa 1260 mMm, BHyTpeHHEro 760 MM, BBICOTa OXJIAIUTENBHOW KOJOHKHU
2750 mM. B BepxHEl 4acTH KOJOHKH Pa3MEIIEH HA BEPTUKAIBHOM ocu BeHTWIATOp {470
No6 nnst orcoca atMmocdepHoro Bo3ayxa. BeHTHIISITOp NPUBOAUTCSA B JBUIKEHHE OT DJICK-
TPOJIBUTaTeNsi MOLTHOCTHIO 5,5 KBT ¢ wactoTtoii Bpaienus 1450 o6/mMuH.

TexHosorn4eckasi cxema CylmuJIKy IokazaHa Ha pucyHke 48. IIpocymuBaemoe 3ep-
HO MOJIaéTCsl HOpUEH B CyIIWIbHBIN Oapadan. [IpoaBurascs o HeMy U HEMPEPHIBHO Mepe-
MEIMBAsICh, 3€PHO MO BO3ACHCTBUEM MPOXOMAIIETO uyepe3 OapabaH areHTa CyIIKH BBICY-
muBaercs. [lognop mocTymnaronero 3epHa U JBUKEHUE areHTa CyHIIKH 00eCleunBaloT Ie-
peMelleHne 3epHa BoJib 0apabana. M3 Hero 3epHO HOpUEH MOJAIOT B OTAEIBHO CTOSIILYIO
OXJIAJUTEIbHYIO KOJIOHKY, U3 KOTOPOM OHO 4Yepe3 IUIF030BOM 3aTBOP MOCTYIAET IO Ha3Ha-
YEHUIO.

Pacxon TomninBa (CMeCh TPAKTOPHOTO KEPOCHHA C AU3EIbHBIM TOILUIUBOM) 65 Kr/d4,
MOIIHOCTh BOCHbMHU 3siekTponaBurarened 31,2 kBt. 'abapuTHbie pa3Mepbl CYIIUIKH: JIUHA
10260 mwm, mmpuna 7070 mm, BbeicoTa 8300 MM. Macca CyHIMJIKH C TIOJTHBIM KOMILIEKTOM
9000 kr.

KaMmepHble cymuiku AJis1 KyKypy3bl B IO4aTKAaX

['uOpuHbIe U COPTOBBIE CEMEHA KYKYpPY3bl B MOYATKaX CYIIAT B KAMEPHBIX CYIIWJI-
kaX. OCOOCHHOCTH UX pabOThl: MEPUOJUUYHOCTh ONEpalMi MO 3arpy3ke Kamep, Oosblias
MPOJOJKUTENBHOCTD MPOLIecCa CYIIKH U BBITPY3Ka MPOCYIICHHBIX MMOYATKOB ISl HAIpaB-
JICHUS UX HA OOMOJIOT.

KamepHbie cymmiaku pa3iensioT Ha JiBa TUMA: C MPOAOJIbHBIM PAcHOJIOKEHUEM Ka-
Mep (KOPUIOpPHBIA THUII) U C TONEPEYHBIM PACIOIOKEHUEM Kamep (CEeKIMOHHBIA THII).
CxeMbl paOOThl yKa3aHHBIX CYHIWJIOK OJMHAKOBbL. OTIMYME MX 3aKIIOYaeTCsi B CIOco0e
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pa3MelIeHus U pa3Mepax Kamep, a TakkKe B Pa3IUYHOM PACIONOKEHUU BEHTHIISITOPOB.
Pa3zmep u umcio kamep OnpenessitoT Mo MOTPeOHON MOIMHOCTH cymuibHOro mnexa. Cy-
IIUIKA OBIBAIOT YETHIPEX—, MIECTU—, BOCBMHU—, JAECATH—, JBEHaJIaTuKaMepHbie. [Ipu He-
00XOIMMOCTH YCTAHABJIMBAIOT CABOEHHBIE JIBEHAAIIaTUKAMEPHbIE CYIIUIKH KOPUTOPHOTO
tumna. CeKIMOHHBIE CYIIUIKU B HACTOSIIIEE BPEMSI HE CTPOSIT.

Cymmiika KOPHUJAOPHOTO
tumna (pucyHok 49) npencrasisier
co0O¥ KHUpNHYHOE, Keae300e-
TOHHOE WKW COOpHOE Kee300e-
TOHHOE 3/1aHUE, B KOTOPOM pac-
MOJIO’KEHBI CYIIMJIBHBIE KaMephl,
pa3lien€HHbIE JBYXAITaXHBIM KO-
punopom. Kamepsl 0ObIUHO TIpsi-
MOYTOJIbHOTO CEUEHUS, pa3MepPOM
6x6 M. s cymku ManbIxX map-
TUW KyKypy3bl B TIOYaTkax M 00-
PYILIEHHOTO 3€pHa KaMmepbl HWHO-
rga JAensT mnomnonaMm. BwecTu-
MOCTb KaMepbl IpPH BBICOTE Ha-

I — Tonka Ha KUAKOM TOIUIUBE; 2 — BEHTUJIATOP; 3 —
CYLIMJIbHBIE IAXThl; 4 — 3arpy304HBIE TPAHCIIOPTEPDL, oLy [TOYATKOB KYKypy3sl 3 M

5 — pasTpy304YHBIC TPAHCTIOPTEPHI npumepro 60 T. B 3aBucumocTu
Pucynok 49 CnsoeHHas JBeHaAUATUKAMEPHAS CYIIMI- o1 paskHOCTH MOYATKOB KYKypY-
Ka KOpUAOPHOTO THIIA 3bl BBHICOTA HACBHIMU MOXET OBITh

oT 2 10 4 M (4eM BBIIIE BIAXHOCTh MOYaTKOB, TEM MEHbIIE BbICOTA HAachINK). [IpousBoau-
TENBbHOCTh JIBeHaAuaTukamepHoit cymmiku 5000 T roroBbix ceMsH 3a ce30H (50 nHeil)
pu TpEXCMEHHOU paboTe.

JIHuIIEe CYIIMIIOK COCTOUT U3 METAIIMYECKUX OaJIOK C MPOMEXYTKaMU JIJIsi MPOX0/ia
areHTa Cylmku. bajaku MOKpbITHI IITAMIOBAaHHBIMU pelIéTKaMu. [[HUIla yCcTaHABIMBAIOT C
HAKJIOHOM JJIs1 BBITPY3KHU [MOYATKOB HAa TPAHCIOPTEP caMOTEKOM (Yrojl HAKJIOHA K TOPU30H-
Ty 30°). [lomaroT U OTBOJAT areHT CYIIKU Yepe3 CHelualibHbIe JIOKU B Kamepax. OTKpbI-
Bas WIM 3aKpbIBasi COOTBETCTBYIOIINE JIFOKU, MO>KHO U3MEHSITh HaIllpaBJIe€HUE MOJauu areH-
Ta CylIKM B KaMepy (CHHU3y BBEpX WJIM CBEpXy BHM3). TOIKa MPUMBIKAET K TOPLIOBBIM
CTEHKaM CYUIUJIKH U COEJIMHEHA C KOpUAopaMu ctaidbHbM auddyzopom. Paboraet Tonka
Ha HUJKOM TOIUIUBE.

CemeHHast KyKypy3a 0OCOOEHHO UyBCTBUTENIbHA K MEPETPEBY, MOATOMY TOINKHU CHAO-
AKEHbl 000pYJOBAaHUEM JUIsI aBTOMAaTUYECKOTO PETYIUPOBaHUS 3aJaHHON TemIepaTyphbl
areHTa Cylmku. B 3aBUCHMOCTH OT BIQXXHOCTH KYKYpYy3bl T€MIIEpaTypa areHtra CyUIKH
nojaepxuBaercs B npeaenax ot 38 no 46 °C. Bo3ayx B (OpCyHKY MOAAIOT BEHTHISITOPOM
BBICOKOTO naBieHus AB/I, a B cylmiibHbIE KaMepbl — BEHTUISATOPHbIMU arperatamu [[4—
76 Ne20.

[locne cymku mMoYaTrku OCTaBISIIOT HAa HEKOTOPOE BpPEMsl B KaMepax CYIIMIIKU s
nepepacnpeiesieHus Bjaru Mexay 3¢pHaMu U BHYTPHU 3€PHOBOK, a TaKxKe JJI X OXJIaXK-
JICHUS TIepe/l HalpaBJIeHUEM Ha 0OMOJIOT. 3arpyKaroT U pa3rpyKaroT CYIIMIKA MEXaHU3HU-
POBaHHBIM MTyTEM MPU MOMOIIH CKPEOKOBBIX U IEHTOYHBIX TPAHCIOPTEPOB.

B xaMepHBIX CyIIMJIKaX BCIEACTBUE OOJBIIOrO YUCia JIIOKOB U HEIOCTATOYHON HMX
FepMETUYHOCTH BO3HUKAIOT 3HAYUTENIbHbIE YTEUKU areHra cymku. Kpome yBennueHus
pacxoza TOIUIMBA, BBI3BIBAEMOT0 3TUMH YTE€UKAMU, CHUXKAETCSI MPOU3BOAUTEIHHOCTD CY-
oK. [103TOMy KpBIIIKY JTFOKOB TOKHBI OBITh TEPMETUYHBIMH.
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Hanuuue oOpyiieHHbIX 3€peH NMpH CYIIKE KYKYypy3bl B IMOYaTKax 3HAYUTEIHHO YBe-
JIMYMBAET a3POANHAMUYECKOE COMPOTUBIICHUE CIIOS U, CIEA0BATEIbHO, YMEHBIIAET IIPOU3-
BOIUTENIBHOCTh CYIIUIOK. [loaToOMy HEoOXOAuMO BBIACIATH OOpYIIEHHBbIE 3EpHA Mepen
MO/Iau€y Ha CYILIKY KyKypy3bl B modarkax. JlJIsi 3TOro yCTaHaBIMBAKOT PEIIETYATHIE TOPKU
B MECTaX NepeOpOCKU KYKypy3bl C TPAHCIIOPTEPA HA TPAHCTIOPTED.

Jlist ymeHblieHus: oOpylIuBaHus 3¢peH MpH 3arpy3Ke CYyIIMIbHBIX KaMep MPUMEHS -
10T TUOKHME pyKaBa U CaMOTEYHBbIE TPYOBl, TaK KaK MpPH 3arpy3ke KaMep BbICOTA MaJeHUs
MOYaTKa ¢ TPAHCIIOPTEPA B KaMEPy JOCTUTAET 8 M.

[ToBepXHOCTH HACHINU MOYATKOB J0JKHA OBITH MapauieJibHA THUIIY, TAK KaK pa3Has
BBICOTA HACBINMU MPUBOAUT K HEPABHOMEPHOU CYIIKE, K EPEPACXOAy TOILIUBA U IIEKTPO-
SHEPrUU, CHUKAET MPOU3BOAUTEIBHOCTD CYIIHIIKH.
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9 AKTHBHOE BCHTUJIMPOBAHUE 3€PHA

9.1 Buovl akmuenozo eenmuiuposanus

AKTUBHOE BEHTWIMPOBAHHUE IMIUPOKO MPUMEHSETCS B MPAKTUKE MOCICYOOpOUYHOM
00paboTku U xpaHeHus 3epHa. [lyTém mpuHyIUTEIbHON 3aMEHBI BO3/lyXa MEXK3EpPHOBOTO
MPOCTPAHCTBA 3€PHOBOM HACKHIMM aTMOC(EPHBIM BO3IYXOM MOKHO B HY>KHOM HalpaBiie-
HUU U3MEHSTh TEMIIEPATYPy U BIAXKHOCTb 3€pHA. ITO B CBOIO OYEPE/Ib MO3BOJISIET PEryiu-
poBaTh OMOJOTUYECKUE MPOLIECCHl B 3€pHE, MPEAOTBpAIlAaTh MPOLIECCHl MOPUYM 3€pHA U
co371aBaTh HEONArONPUATHBIC YCIOBUS JJISI PA3BUTHUSL BPEIUTENIEH U MUKPOOPraHU3MOB B
3epHOBOI Macce. B 3aBUCUMOCTH OT Ha3HAUEHMS PA3INYalOT HECKOJIBKO BUJIOB AKTUBHOI'O
BEHTWJIMPOBAHMUS.

BHemnssa koHcepBauusi. BHelHss KOHCepBalus CBEXEyOpaHHOTO 3€pHA C IMOBBIIICH-
HOM BIQXXHOCTBIO 3aKJIIOYaeTCsi B 00pabOTKe MpeaBapUTEIbHOIO OYMILIEHHOTO CBEXEYO-
PAHHOT'O 3€PHOBOIO BOpPOXa BO3AYIIHBIM MOTOKOM JUIsi CHUKEHHUS €ro TeMIepaTypbl U
BrnaxkHocTu. KoHcepBaiusi cBexeyOpaHHOIO 3€pHa aKTUBHBIM BEHTUIIMPOBAHUEM IO3BO-
nsieT B 3..4 paza yBeIUYHUTh CPOK €ro O€30MacHOr0 XpaHEHUs 10 CYIIKH.

IIpoduinakTuyeckoe BEHTUIMPOBAHUE. DTy ONEPALMIO MPUMEHSIOT I TPEAOTBpalle-
HHSI 04aroB CaMOCOTPEBAHUS, BBIPABHUBAHUS TEMIIEPATYPhI U BIAKHOCTU B 3€pPHOBOM Ha-
CBIMH, YMEHBILICHUS! SHEPTUU JbIXaHus U T.0. [Ipodunakruueckoe BEHTWINPOBAHUE IIEJIe-
co00pa3HO MPOBOJIUTH B HOUHOE BPEMsI CYTOK U B TIEPUO/IbI BPEMEHHBIX MOXOJI0JaHUMN.

Oxaaxaenue 3epHa. BeHTUnUpoBaHue C LENbIO OXJIAXKICHUS 3€pHA MPOBOAAT IS TOP-
MOXEHUSI (PU3UOJIOTMYECKUX U MUKPOOMOJIOTUYECKUX MPOIECCOB B HAChIMAX. Bo Bpems
ATOU OMepaInu CleayeT CTPEMUTHCS, YTOOBI KOHEUHAs TeMIlepaTypa 3epHa Obuia B Ipeje-
nax ot 0 mo 10°C. IIpu Takoi Temrieparype 3€pHOBbIE BPEAUTEIN NPEKPALIAIOT AKTUBHYIO
AKU3ZHENESITENIbHOCTh U BMaJaoT B aHabuo3. Kak u ang npeapiayiiei onepamuu, st 0X-
JAXJICHUS 3€pHa CJIEAYET MCIIOIb30BaTh HOYHOE CHIKEHHE TemnepaTrypsl. [Ipumenenue
MCKYCCTBEHHOT'O X0J10/1a SKOHOMUYECKH HELleaeco00pasHo.

JlukBuaamusi camocorpeBaHusi. BeHTmimpoBaHue IS JTUKBUIANUM CaMOCOTPEBAHUS
3

MPOBOJISAT MPHU BBICOKUX YIENbHBIX pacxonax Bo3ayxa, or 100 go 200 m’/(u'T) u Gonee.

[Tpu BBICOKO# BIIaYKHOCTH HApY>KHOTO BO3/TyXa BEHTUJIUPOBAHUE HE TPOU3BOJIAT.

Cyuika 3epHa u ceMsiH. E€ npoBonsT Torna, koraa HEeBO3MOXKHaA 00pabOTKa Ha 3€pHOCY-
muiakax. Yaie BCero 3Ty onepanuio NPOBOIAT Uil CEMSH ITOACOJIHEUHHUKA, KIICHIECBUHBI,
0000BbIX U KyKYpy3bl. [IpHHYAUTENBHBIN OIOTPEB BO3/yXa MOKET ObITh SKOHOMHYECKH
ONpaBlaH TOJIBKO MPHU YTPO3€ MOJTHOM NOTEPU YPOKAs.

BenTuiiupoBaHue ceMEHHOro 3epHa. JTa olepaius CIoCOOCTBYET YCKOPEHHUIO MOCIe-
yOOpOUYHOTO J03pEBaHMs CBEKEYOPAHHOrO 3€pHA, MOBBINIAET YHEPTUI0 MPOpPACTAHUS U
BCXOKeCTh. [IpoBOIUTCS B BECEHHUN MEPUOJ B TEIUIOE BpeMsl CYTOK M 3aKaHYMBAIOT 3a
HEJIENIO IO Hayaja CeBa.

BenTtusupoBanue AJ5 aerazanmu. Takoe BEHTUIMPOBAHHUE MPOBOAUTCS B HENAX yaalie-
HUS pymMuranTa oOBIYHO B TEIUIBIE JHU, YTO TMO3BOJSET MOBBICUTH 3(PGHEKTUBHOCTH MPO-
1[ecca, a Tak ke B cIy4ae He0OXOIUMOCTH CPOYHO peasin30BaTh 3ara3upOBaHHOE 3€PHO.
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